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ABSTRACT
Food, which ensures the sustenance o f life, has also been im plicated in the
development or prevention o f numerous diseases including cancer. Cancer may be a result
o f hereditary factors or genomic instability induced by DNA damage, from the intrinsic
chemistry o f cells or extrinsic factors like aflatoxin B t. Aflatoxin B „ produced by
Aspergillus fla vus and Aspergillus parasiticus, is a common contaminant o f com and
cottonseed and a proven mutagen and animal carcinogen. Increased scientific knowledge
and establishment o f regulation have reduced but not eliminated exposure to aflatoxin Bt.
Complete elimination may be uneconomical for producers and may deprive consumers o f
sources o f nourishment. Consumption o f substances that offset the deleterious effects o f
aflatoxin, particularly those intrinsic to a commonly consumed foodstuff, may circumvent
the problem.
This study set out to isolate, substances that possess antimutagenic activity from
com

and

cottonseed.

A

bioassay

directed

fractionation

using

the

Ames

Salmonella/microsomal assay (tester strains TA100 and TA98) and thin layer
chromatography, was employed to determine occurrence and isolate constituents with a
potential to inhibit the mutagenicity o f aflatoxin Bt.

Dichloromethane o r acidified

methanol extracts o f com meal were sequentially purified by TLC while simultaneously
being tested for antimutagenic activity against aflatoxin B,. Cottonseed meal aqueous
acetone extracts were either directly fractionated or precipitated with lead acetate prior to
fractionation. Semi-purified TLC isolates were analyzed by GC/MS and or HPLC and UV
spectrophotometry. Some fractions o f com and cottonseed inhibited aflatoxin mutagenicity
to varying degrees. Mass ratio and fragmentation comparisons using the W iley data base,
xiv
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and ultra violet spectra tentatively identified linoleic, chlorogenic, and ferulic acids from
com. And gossypol, and quercetin and/or kaempferol in cottonseed. Several other active
isolates from both com and cottonseed could not be identified.
The presence o f antimutagenic compounds in com and cottonseed has been
confirmed. Further studies on efficient extraction techniques, chem ical, physical and
functional characterization, and variety and geographical distribution o f active compounds
are recommended. Selective breeding for high antimutagenic content in these commodities
would greatly benefit consumers and increase their utilization and m arket value

xv
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CHAPTER 1. INTRODUCTION
The evolution, o f the science o f cancer prevention has taken an upturn in the last 30
years with much progress being made on the causes o f this major premature killing disease.
Cancer, aging, and other human genetic diseases may develop through a complex interplay
between hereditary factors and the genomic instability induced by DNA damage. Some of
the damage has been shown to result from the intrinsic chem istry o f DNA in living cells
(Cantelli-Forti et al'., 1998). Intrinsic damage may include spontaneous mutations such as
depurination and depyrimidation o f DNA, proofreading errors, and damage by oxygen free
radicals (Venitt, 1996). In m ost instances, however, exogenous factors like alkaloids,
nitrosamines and aflatoxin are responsible for the mutations that lead to the majority o f the
foodbome cancers (Glassner, et a l., 1998). W hen mutations accumulate in genes that
control the cell cycle, they may m anifest as an imbalance between cell growth and cell
death control mechanisms (M assey et al., 1996). Cell cycle control genes code for proteins
that modulate several editing mechanisms preventing the accumulation o f errors during
deoxyribose nucleic acid (DNA) replication. One such mechanism is that mediated by p53
gene proteins that regulate cellular growth, death, and m alignant transformation, by
recognizing DNA damage and delaying the cell cycle to permit repairs (Gottlieb and Oren,
1996).
The presence o f mutagens throughout the environment had simply not been known
and/or poorly documented and appreciated until recently (de M arini et al., 1993). People
may encounter these potentially harmful agents primarily through exposure to the air, water
and soil, and the consumption o f food. The term aflatoxin is a generic reference to a group
o f four structurally related furanocoumarins among which aflatoxin B, (AFB,) is the most
1
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potent m utagen and carcinogen (Park et al., 1988), The aflatoxins are secondary
m etabolites, produced by strains o f Aspergillus flavus (Link ex Fries) and Aspergillus
parasiticus (Speare) (Diener and Davis, 1966), that contaminate cereal grains and oilseeds.
Such contam ination is a result o f unavoidable invasion o f agricultural commodities, such
as com and cottonseed, by the fungi, before harvest or because o f improper storage. Based
on epidemiological studies in south-eastern Africa (Van Rensburg, 1985) and south-eastern
Asia (Yeh et al., 1989), that suggested a quantitative association between the consumption
o f foodstuffs contaminated with aflatoxin and a high incidence o f hepatocellular carcinoma,
and laboratory animal studies, the United Nations' International Agency for Research on
Cancer (IARC) has classified aflatoxin Bt as a probable human carcinogen (IARC, 1987).
There are, nevertheless, some objections to this correlation (Stoloff, 1984).
Com is one o f the world’s most important food crops. In less developed regions,
it is a staple food and the only source o f energy. Cottonseed is a valuable source o f
vegetable oil as well as energy, protein and fiber for livestock. However, both com and
cottonseed are susceptible to aflatoxin contamination. Tremendous effort has been
expended on attempts to eliminate aflatoxin from com and cottonseed. From earlier studies
focussing on the role o f the environment and crop husbandry (Liang, 1993; Sim, 1994) in
enhancing or decreasing aflatoxin content, to recent efforts directed at development o f
resistant host germplasm (Brown et al., 1995; Cambell and White, 1995) and the use o f
competitive atoxigenic strains (Domer et al., 1999), success has been limited. Indeed, these
novel approaches, which also encompass molecular regulation o f aflatoxin form ation
(Chang et al., 1995) are promising but, rem ain objects o f long-term research. Similarly,
various methods that have successfully reduced populations o f many plant pests in the field
2
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have not been effective in alleviating aflatoxin contam ination. Therefore, much as
significant progress has been made in understanding the biology and m olecular events
governing host-pathogen interaction leading to the form ation o f aflatoxin in com and
cottonseed, aflatoxin contamination o f susceptible host plants has not been completely
eliminated. Furthermore, post-harvest treatments, whether physical o r chemical, have
either been minimally successful (Njapau et al., 1998, and Lopez-Garcia, 1998) or resulted
into drastic alteration o f the foodstuff, to the extent that it becom es no longer suitable for
the intended use. Such treatm ents may hence be uneconomical for producers and deprive
consumers o f sources o f nourishment. There is, therefore, the need to determine alternative
approaches to the management o f aflatoxin contamination o f the world’s food resource and
the risk posed to the consumer.
For a long time, phytochemicals, defined as minor non-nutritive components from
plants (Hanawalt, 1998), have been regarded as irrelevant to nutrition, since they neither
yield energy nor function as vitamins. Recently, however, there has been a growing body
o f interest in the identification o f these dietary and non-dietary constituents because o f the
realization that they may prevent cancer-initiation (Gasiorowski et al., 1996).
Epidemiological studies have shown that the consumption o f fiber-containing foods, and
fresh fruits and vegetables, is associated with a low cancer incidence (de M eija et al.,
1998). The anticarcinogenic protection afforded by fruits and vegetables has been attributed
to antioxidant micronutrients such as vitam in C, beta-carotene and vitam in E and other
minor dietary components, notably the flavonoids (Duthie, et al., 1997) that may act as
antimutagens. The term antimutagenic has been generally used to encompass both natural

3
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and synthetic compounds that are able to lower o r abolish genotoxic effects o f mutagenic
and carcinogenic factors (W ang and Wixon, 1999).
One means to decrease the rate o f mutations in humans and subsequently decrease
the rate o f cancer and other mutation-related diseases is by either avoiding exposures to
recognized mutagens/carcinogens or identifying effective antimutagens and increasing their
intake especially through the diet. The latter approach is referred to as chemoprevention (de
Flora, 1998). The best candidate chemopreventors appear to be the natural diet compounds,
taken in sufficient antim utagenic concentration during regular daily meals.
The effort to identify antimutagenic phytochemicals in commonly consumed
foodstuffs is o f greater significance in less developed resource-poor countries where the
supply o f safe and/or nutritionally fortified food is unattainable. In these societies, food
security requirements dictate that food safety is accorded a low priority because, in the
absence o f an adequate food supply, quality is meaningless. As a result, the probability o f
exposure to mutagens o f food origin is high. Furthermore, inadequate nourishment
compromises immunity and predisposes these comm unities to diseases. In the southern
African region for instance, 30% o f the children under the age o f five years are
malnourished (Dendy and Trotter, 1988) and show an im paired ability to rapidly detoxify
xenobiotics (Hendrickse, 1984). Infectious diseases and malnutrition account for more than
60% o f the deaths o f children under the age o f five years (UNICEF, 1993). Collateral
physiological responses to environmental mutagens like aflatoxin may play a significant
role in the high m ortality rate.
Several foodstuffs (green tea, garlic, cruciferous vegetables, etc.) have recently been
shown to contain substances that counteract the deleterious effects o f toxicants including
4
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aflatoxin (de Marini, 1998; Ames, 1998). Earlier observations by Weng et al., 1997 and our
laboratory (Burgos-Hemandez, 1998; Lopez-Garcia 1998) indicated that com may contain
substances that mitigate the effects o f aflatoxin including chemical m odification and
antim utagenic properties. A lack o f m utagenic response by TA100 to extracts/fractions
obtained from naturally contaminated com containing 1.5 ng A F B ///L was observed
although the system showed positive mutagenic response to pure AFB! at 0.1 ng//zL.
Sim ilarly, Haworth et al., (1989), and Lawlor et al., (1985) observed that extracts o f
aflatoxin-contaminated cottonseed accorded a lower mutagenic effect than pure analytical
grade aflatoxin B t. These observations demonstrated a difference in m utagenic potential
between pure aflatoxin Bt and aflatoxin B t in com or cottonseed m atrix. They strongly
suggested that constituents o f com and cottonseed could inhibit or reduce the mutagenicity
o f aflatoxin B[.
An investigation into the existence and efficacy o f such factors could provide data
upon which subsequent decisions to prom ote and encourage the development o f particular
crop varieties that may be economically viable for propagation can be based. Furthermore,
compounds that are commonly consumed, for instance com, cottonseed or peanut, are
desirable from a safety standpoint in the development o f cancer chemopreventitive agents.
This study, therefore, examined com and cottonseed varieties from Texas, United
States o f America, with a view o f fulfilling two primary objectives. The first was to
determine the occurrence o f such factors in com and cottonseed and, assess their relative
efficacy using the Ames Salmonella/microsomal mutagenicity assay and tester strains
TA100 and TA98. Secondly, the study set out to chemically isolate and characterize the
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active principle(s) in both commodities. It was also envisaged that the active principle(s)
would be biologically characterized in order to ascertain potential toxicological effects.
Confirmation o f the existence, and identification o f such compounds could become the
basis for the propagation o f varieties w ith desirable traits as a means o f supplementing
traditional aflatoxin control methods. The Ames assay has been widely used to evaluate the
mutagenic potential o f known and unknown animal carcinogens and mutagens. Ames and
McCann (1981) estimated that 83% o f chemicals testing positive in the mutagenic assay
are mammalian carcinogens and those that test negative are more likely to be noncarcinogenic.
By approaching the aflatoxin problem from an integrated concept encompassing
traditional elimination/reduction efforts and the propagation o f com and cottonseed
genotypes possessing high levels o f aflatoxin modifying agents, a realistic level o f safety
is attained without undue strain on producers and consumers. Accomplishments in
breeding transgenic com (Williams et al., 1998) and cottonseed (Sachs et al 1998) for pest
control have demonstrated the versatility o f these crops to genetic alterations. Breeding for
varieties

w ith

traits

o f insect resistance

as

well

as

a

high

content

of

antioxidant/antimutagenic constituents may, therefore, be feasible. Such hybrids offer
substantial health benefits to consumers and could become more desirable as healthy foods
and increase the market value o f com and cottonseed products.
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CHAPTER 2. LITERATURE REVIEW
On a worldwide basis, cancer represents the single largest cause o f death in both
men and women, claiming over six m illion lives each year (Pezzuto, 1997). Forty percent
o f all such cancers are diet related. The disease is an accumulation o f m utations caused by
mutagens that either occur naturally in the environment or are a result o f pollution and/or
produced in foodstuffs during preservation and cooking. Food mutagens include, as typical
examples, aflatoxin B t in moldy foods, nitrosam ines in ferm ented foods, polycyclic
aromatic hydrocarbons and heterocyclic amines in heated meat and fish, and pyrrolizidine
alkaloids from plants (Sugimura, 1982). On the other hand, diet also contains numerous
antimutagenic and anticarcinogenic factors that occur naturally or are introduced during the
preparation o f foods for consumption (Cantelli-Forti et al., 1998). Over the past few years,
the use o f naturally occurring chemopreventive agents to treat cancer has opened a new
frontier for cancer control.
2.1

Occurrence o f aflatoxins
The fungi that produce aflatoxins invade a variety o f crops, including com, rice,

wheat, cottonseed, peanuts and sorghum, and will produce aflatoxins in the moisture content
and temperature ranges o f 14-25% and 25-45°C, respectively (Edds, 1979). Although mostly
occurring in warm and humid climates, aflatoxins have been detected in foodstuffs in other
regions o f the world (Edds, 1979). Fungal contamination and mycotoxin production usually
begin in the field and may increase during post harvest storage, seriously affecting the
marketing o f a crop. The Food and A gricultural Organization (FAO) estim ates that 25%
o f the world’s food crops are affected by mycotoxins every year (FAO, 1996). O f the many
mycotoxins that have been characterized, perhaps m ost is known about the carcinogenic
7
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Aspergillus mycotoxin, aflatoxin Bt (AFBt). Exposure to AFBt has generally been
considered a m ajor factor in the high incidence o f hepatocellular carcinom a in certain
regions o f the world. A linear relationship between human consum ption o f aflatoxincontaminated food products and the development o f hepatocellular carcinoma, the leading
cause o f death among men in sub-Saharan Africa and south-eastern A sia has been reported
by several investigators (van Rensburg et al., 1985; Yeh et al., 1989, and Groopman et al.,
1996). Hepatocellular carcinoma is a malignant neoplasm o f hepatic cells and is commonly
referred to as prim ary liver cancer.
The contribution o f hepatitis B virus infection to the high incidence o f
hepatocellular carcinoma is considered secondary by some scholars (Peers et al., 1987; Yeh
et al., 1989). However, other investigators (W ang et al., 1995) have shown that a hepatitis
B virus encoded protein (HBX) appears to interact with p53 protein inhibiting the
functioning o f the protein. A disfimctional p53 protein cannot control cellular replication
and the resulting enhanced cell proliferation allows both the fixation o f the G-»T
transversions in codon 249 o f the p53 gene and the selective expansion o f the cells
containing this mutant p53 protein. The viral protein could, therefore, modulate p53
function hence both aflatoxin and hepatitis B virus infection are im portant for neoplastic
development.
In addition to cancer, ingestion o f foods contaminated with sufficiently high levels
o f aflatoxin may lead to illness and/or death in m an and animals (Goldblatt, 1977). Similarly,
chronic exposure to aflatoxin may result in the impairment o f the general health o f the
consumer. Incidences where aflatoxin consum ption has been linked to a specific ailment
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have been recorded. The aflatoxins have been incriminated in the etiology o f acute hepatitis
(Krishnamachari et al., 1975), Reye's syndrome (Shank et al., 1972), cirrhosis in
malnourished children (Alm a et al., 1971) and Kwashiorkor (Coulter et al., 1986).
2.2

M etabolism o f aflatoxins
Aflatoxins (Figure 2.1) are a group o f bisfuran coumarin compounds produced by

fungal secondary metabolism and have no obvious physiological role in the primary growth
and function o f the mold (Sun, 1994). Aflatoxin B, is a five-membered ring w ith the
emperical form ula CI7 H l2 0 6 and a molecular weight o f 312 (Pavao et al., 1995). The
names o f the m ost common aflatoxins, B and G for blue and green, respectively, refer to
their fluorescent colors under ultraviolet light. Aflatoxin biosynthesis, like other forms o f
secondary metabolism is triggered by an accumulation o f two carbon precursors (Chang
et al., 1995). A 60 kb gene cluster (Yu et al., 1995) has been shown to be responsible for
coding for the numerous enzymes involved in the aflatoxin biosynthetic pathway. It is
unclear how many enzymatic activities are needed to produce each interm ediate from its
immediate precursor. The molecular rearrangements needed to convert each intermediate
to the next known metabolite in the pathway are often complex, and it is possible that more
than one enzyme is required for each step or that some enzymes have m ore than one
function. For instance, the condensation o f acetate units into the polyketide involves the
participation o f at least three gene products, polyketide synthase, fatty acid synthase-1 and
fatty acid synthase-2). Thereafter, several other gene products that include catalytic and
transporter proteins are involved leading to the ultim ate conversion o f Omethylsterigmatocystin and dihydro-O-methylsterigmatocystin by cytochrome P450
oxidoreductases to yield aflatoxins Bt and G „ and aflatoxins B2 and G2, respectively. The
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biosynthetic pathway outlined in Figure 2.1 is adapted from a detailed illustration originally
drawn by Dr. Deepak Bhatnagar (Bhatnagar, 1999 Personal com m unication).
2.2.1

Absorption and distribution
Ingestion is the typical route for aflatoxin entry into the human body. Aflatoxin Bt

is a lipophilic compound that is rapidly absorbed after ingestion (W ogan, 1966). The
hepatic portal system shunts aflatoxin between the gastrointestinal tract and the liver, where
it is apparently concentrated and m etabolized (W ilson et al., 1985). As a result o f the
hepatic portal recirculation, aflatoxin B t prim arily undergoes biliary excretion.
2.2.2

Activation and deactivation
M ost o f the mutagenic and toxic properties o f aflatoxin B, are attributed to its

reactive m etabolite, the exo-8,9-epoxide, that binds DNA and proteins after activation by
some isozymes o f cytochrome P450 (Figure 2.2). Cytochrome P450 1A2 readily oxidizes
AFB, to aflatoxin M „ aflatoxin Qt and aflatoxin Bt endo-8,9-epoxide all o f which are
deactivation products. Oxidation by cytochrome P450 3A4 largely yields the highly active
exo-S,9-epoxide which reacts with DNA producing stable adducts (Guengrich et al., 1998).
The interaction w ith DNA is characterized by intercalation between base pairs, a Kd o f ~
2.4 mM, (Kcat = 35 /s ) and a rapid reaction with the guanyl N7 atom. Only the exo isomer
o f the epoxide is genotoxic, because o f the apparent requirement for an SN2 reaction with
the guanyl N7 in DNA, and the favorable geometry imparted by intercalation between pairs.
The exo-8,9-epoxide can also be form ed by prostaglandin synthase, o r lipoxygenase.
W hereas P450 3A4 is the predominant catalyst for activation in humans, P450 2A5 is the
best catalyst among members o f the mouse family (Pelkonen et al., 1997). In vitro
exposure o f human liver cells to AFB, has been shown to produce guanine to thymine
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(G —> T) transversions in. the DNA o f somatic cells and that o f the p53 gene (Hams, 1996).
The epoxide may be hydrolyzed to 8,9-dihdrodiol (k= 0.6 /s, tl/2 = Is) which then
undergoes ring opening rearrangement to a dialdehyde species which reacts with protein
lysl groups. Rat and human epoxide hydrolase show very little rate acceleration o f
hydrolysis o f the exo-8,9-epoxide. However, glutathione transferase catalyzes the
conjugation o f the exo epoxide to glutathione. A much lower level o f deactivation is
achieved through glucuronidation (Loveland et al., 1984).
2.3

O xidative stress
The aflatoxin epoxide has the characteristics o f reactive oxygen species and may

therefore enhance the generation o f more radicals. In addition, norm al physiological
mechanisms o f energy generation also yield reactive oxygen species that, if not quickly
deactivated, may cause extensive damage to susceptible organelles. Such physiological
processes are exemplified by the mitochondrial respiratory system w hich is the major
intracellular source o f reactive oxygen species and free radicals that are generated as
byproducts during the transfer o f electrons from NADH or FADH2 to m olecular oxygen
(Wei, 1998). In the event o f mutations in mitochondrial DNA, transcription products will
be defective. The respiratory enzymes containing the defective mtDNA-encoded protein
sub-units exhibit impaired electron transport function and thereby increase the electron leak
and reactive oxygen species production, which in turn elevate the oxidative stress and
oxidative damage to mitochondria. The concurrent enhancement o f lipid peroxidation and
oxidative modification o f proteins in mitochondria elicited by the ever-increasing amount
o f reactive oxygen species further aggravate the mutation and oxidative damage to mtDNA.
The shift in the balance between the pro-oxidative and anti-oxidative processes in the
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direction o f the pro-oxidative state is hypothesized to cause aging (Rikans and Hombrook
1997). M utagens exacerbate the oxidative im balance in cells increasing mutations.
Viral pathogenesis is another cause o f free radical m olecular species. Recent
studies (Akaike et al., 1998) indicate that nitric oxide (NO) and the superoxide radical (O-r)
are produced in excess during the host’s defense responses against various intruding
microbes. N itric oxide could then react w ith the superoxide radical o r molecular oxygen
(0 2) to produce reactive nitrogen oxide species such as peroxynitrite (ONOO") and NOx
(N 0 2 and N20 3) in biological systems. Am ong these reactive nitrogen species, ONOO'
causes oxidation and nitration o f protein amino acid residues, guanine moieties in DNA,
lipid peroxidation, and DNA cleavage (Ambs et al., 1999). Oxidants formed from H20 2 or
activated phagocytes in the presence o f either free or DNA-bound transition metals, have
been shown (Christen, 1999) to cause extensive oxidative damage to the base and sugar
moiety o f isolated DNA leading to the form ation of, for example, 8-hydroxy-2deoxyguanosine, thymidine, and 5-hydroxymethy 1-2 uridine dimers.
The num ber o f oxidative hits to DNA per cell per day is estim ated to be about
100,000 in the rat and roughly 10 times fewer in humans, because o f their slower metabolic
rate (Glassner et al., 1998). Although DNA repair enzymes efficiently remove most o f the
lesions formed, excessive oxidative damage could lead to single or double-strand breaks,
point and fram eshift mutations, and to chrom osome abnorm alities in DNA.
2.4

C a r c in o g e n e sis a n d a g in g

Cancer is generally regarded as a disease caused by accumulated alterations o f
genes in somatic cells. The multi-step process o f carcinogenesis consists o f three
overlapping stages: initiation, promotion, and progression. Initiation takes a short period
14
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o f time and is characterized by an irreversible alteration o f the cellular DNA, and it allows
the transformation o f the cell to a nonmalignant state. Prom otion takes a longer period o f
tim e and may be reversible, and it perm its the nonm alignant cell to become malignant.
Whereas the progression stage involves the growth o f m alignant cells to tumors
(Thompson, 1994).
The role o f diet and its associated mutagens in progression o f the slow and
inexorable decline in the ability to m aintain physiological homeostasis (aging) has been
addressed by several investigators (Martin, 1996; Ames, 1998). As a general rule, disorders
o f proliferative homeostasis (including benign and m alignant neoplasms) become
increasingly apparent about halfway through the life-span o f mammalian species. Given
the well documented role o f m ultiple somatic mutations in the pathogenesis o f neoplasia,
it seems reasonable to suggest that at least certain m odalities o f somatic mutation can be
considered as mechanisms underlying that aspect o f aging characterized by loss o f
proliferative homeostasis. M oreover, diets rich in fruits and certain vegetables have been
shown (Weisberger, 1998) to lim it the rate o f genomic m utations and delay senescence.
The cherished M editerranean diet is a case in point.
2.5

Scope o f the problem
Since the discovery o f aflatoxin more than 3 0 years ago, efforts to m inim ize

exposure to mycotoxins have diversified from improved crop husbandry to the
development o f resistant host germplasm, and more recently, m olecular regulation o f
biosynthesis. Evaluation o f com germplasm for heritable resistance to fungal infection and
decreased mycotoxin production has led to the identification o f several com genotypes
(Brown et al., 1995; Campbell and W hite, 1995). However, germ plasm that is resistant
15
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under repeated testing and environmental conditions is yet to be made commercially
available worldwide. Advances have been made in cloning aflatoxin pathway genes in
toxigenic fungi with the hope o f regulating aflatoxin biosynthesis as a means o f controlling
contamination (Chang e t al., 1995; Woloshuk et al., 1995). A lteration or inhibition o f the
expression o f the aflR. regulatory gene upon which the expression o f the rest o f the gene
cluster is dependent w ould potentially elim inate the occurrence o f aflatoxins. The
successful propagation o f such

mutant strains could also

be employed in

competitive exclusion o f toxigenic strains as demonstrated under greenhouse (Cotty and
Bhatnagar, 1994) and field (Dom er et al., 1999) conditions in cottonseed. This approach,
like that based on fungistatic bacteria (Gourama and Bullerman, 1995), is o f limited
application. Despite a reduction in the risk o f exposure to aflatoxin in some countries by
legislation stipulating perm issible levels o f the toxin in hum an food and animal feeds,
effective control o f contam ination o f food crops by fungi and their metabolites is still
lacking.
Furthermore, legislation stipulating allowable levels o f aflatoxin is uncommon in
most countries where aflatoxin contamination is a serious problem partly because such
efforts may seriously compromise the supply o f a staple food. There is, therefore, the
likelihood o f persistent exposure to aflatoxin in such societies resulting in higher
incidences o f associated diseases. But, as has been shown by Stoloff (1984), Campbell et
al., (1990), and Srivanatakul e ta l., (1991), there is substantial uncertainty concerning the
role o f aflatoxin as a risk factor in the etiology o f hepatocellular carcinoma. Correlational
discrepancies are evident when data from Swaziland (Peers et al., 1987) is compared to that
from the Philippines (Bulatao-Jayme et al., 1992) and Thailand (Srivanatakul et al., 1991)
16

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

even after allowing for m ultiple confounding factors. O ne evident difference is that the
Swaziland diet is based on com while the Filipino diet is m ainly rice and cassava. Could
constituents o f these basal diets have varying effects on the carcinogenicity o f aflatoxin?
2.6

Phytochemicals
Experience through, trial and error led to the identification o f plant species that

ancient m ankind classified either as food or drug. Curiosity and the insatiable desire for
purity has changed where mankind looks for cure o f diseases from the pristine jungles o f
the Amazon and Africa, to large industrial complexes in the cities. Tea or garlic can now
be taken in tablet form-thanks to modem science. T he contents o f both forms have,
however, not changed, and are based on the realization that different classes o f chemicals,
a m ajority o f them food components, possess cancer preventative properties and other
beneficial outcomes. These chemicals are frequently know n as chemopreventors or
phytochemicals. The most thoroughly investigated phytochem icals (Stavric, 1994) are
fiber components, polyphenolics, flavonoids, isoflavones, conjugated fatty acids,
tocopherols, and thyiocynates, and their derivatives. O ver 25 different classes o f these
chemicals, occurring in all categories o f foods, w ith fruits and vegetables being the main
sources, have been found to possess antimutagenic/anticarcinogenic functions. The content
o f phytochemicals in different categories o f foods have been shown to vary considerably
by variety, age and geographical location (W attenberg, 1990).
Phytochemicals may exert their effects external to the cellular environment or
intracellularly. The extracellular mode o f action encompasses reducing the bioavailability
o f the xenobiotic by modification o f promutagens/carcinogens during food preparation, and
blocking absorption. Intracellularly, phytochemicals m ay act by (i) scavenging reactive
17
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oxygen species, (ii) inhibiting metabolic activation, (iii) reducing the detrim ental effect o f
pro-carcinogens on DNA, and (iv) by enhancing and/or inhibiting the enzyme(s) involved
in activation o f pro-mutagens/carcinogens. Any o f these actions, either alone or in
combination, w ill reduce the deleterious effect o f the xenobiotic in the cell. The most
significant property o f phytochemicals appears to be their antioxidative characteristics
(Borek, 1990; W eisburger, 1997) which enable them to scavenge for free radicals, formed
during the preparation o f food, o r generated by biological processes in the cell.
2.6.1

Tea polyphenols
Tea (Cornelia sinensis) is, perhaps, the m ost extensively studied beverage. It is

extensively consumed throughout the world in the form o f different w ater extracts
including hot and cold infusions. Tea extracts from black (fermented), Oolong and
Pouchong (semi-fermented), and green (non-fermented) teas were shown to inhibit the
m utagenicity o f different mutagens, including aflatoxin, in the Salmonella/microsomal
m utagenicity assay (Yen and Chen, 1994). The semi-fermented teas (Oolong and
Pouchong) reduced m utagenicity by up to 90%. Quercetin, a flavonoid in tea, including
black and green tea, has also been demonstrated to inhibit oxidation and cytotoxicity o f low
density lipoproteins in vitro (Deschner eta l., 1991).
The major beneficial component in green tea has been identified as the polyphenol
(-) epigallocatechin gallate, a compound that possesses antioxidant properties. This
compound appears only in sm aller quantities in black tea due to its oxidation during the
fermentation process. Green tea extract epigallocatechin gallate has been tested extensively
and found to reduce different types o f spontaneous or chemically induced tumors in
laboratory animal studies. For example tumors o f liver, stomach, skin, lung, and esophagus
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were significantly reduced in size in treated animals (Huang et al., 1992). The tea phenolics
catechin and epicatechin derivatives, quercetin, kaempferol, and myricetin w ere reported
to occur in red wine (Heinonen et al., 1998) and it has been suggested that these plant
phenolics were responsible for the anti-mutagenic activity o f red wine. Tochu tea (an
aqueous extract o f Eucommia ulmoides leaves) was reported to reduce urinary tract
mutagenicity resulting from the consumption o f raw fish and cooked beef (Sasaki et al.,
1996). Tea infusions prepared from fermented (black), semifermented (Oolong) and
unfermented (green) leaves were similarly investigated (Yen and Chen, 1994; Apostolides
et al., 1996) and shown to markedly inhibit the m utagenicity o f both direct (2-amino-3methylimidazo(4,5f)quinoline) and indirect (aflatoxin) mutagens towards TA98 and TA100
in the presence o f the S9 fraction.
2.6.2

Other plant polyphenols
The role o f plant polyphenolics in cancer prevention has recently been highlighted.

Among important polyphenolics are the flavonoids that occur naturally in plant foods and
are a common component o f diet. They consist m ainly o f anthocyanidins, flavonols,
flavones, catechins, and flavonones (Hertog et al., 1993). Im portant dietary sources of
flavonoids are fruits and vegetables which account for at least 25-30% o f the total daily
flavonoid intake in western countries. Flavonoids have been shown to possess a wide range
o f biochemical and pharmacological effects, including antiinflammatory and antiallergic
effects (M iddleton and Kandaswami, 1992). Food-derived flavonoids such as ellagic acid,
chlorogenic acid, rutin, quercetin, kaempferol, and m yricetin have been shown to inhibit
carcinogen-induced tumors in laboratory animals (Deschner et al., 1991). Chlorogenic acid,
a normal component o f peaches, blueberries, and coffee beans has been found to inhibit
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carcinogenesis in several animal studies. Sim ilarly it has been reported that quercetin and
rutin inhibit colonic neoplasia induced by azoxymethanol, a known carcinogen (Deschner,
1991). Quercetin and rutin, both naturally occurring in fruits and vegetables, are consumed
by North Americans at about lg/day.
Ellagic acid, a phenolic compound (which occurs naturally in some foods such as
strawberries, grapes, and walnuts), phenethyl isothiocyanate, a constituent o f cruciferous
vegetables; and eugenol (from oil o f cloves, cinnamon, basil and nutmeg) have shown
sim ilar antimutagenic and anticarcinogenic properties against several direct and indirect
genotoxicants (Knasmuller et al., 1996;

Rompelberg et al., 1996). Ellagic acid

significantly inhibited the m utagenicity o f aflatoxin at 2.5, 5 and 10 ng/tube using a
microsuspension assay with TA98 and TA100 (Loarca-Pina et al., 1996). The carotenoids
have demonstrated both deleterious and beneficial effects. Natural carotenoids, except 13carotene, inhibited

the formation o f colonic aberrant crypt foci caused by N-

methylnitrosourea (Narisawa et al., 1996). All-trans |3-carotene enhanced the proliferation
of, and stim ulated the induction of, ornithine decarboxylase (associated with tum or
promotion) in BALB/c 3T3 fibroblast cells in the presence o f the promoters 12-0tetradecanoyl-phorbol-13-acetate (TPA) and fetal bovine serum. The same concentrations
o f a\\-trans (3-carotene exhibited antimutagenic activity which suppressed umu C gene
expression in S', typhimurium (TA1535/pSK) (Okai et al., 1996). Indeed, the antimutagenic
activity o f phenolic compounds has been confirmed by the use o f synthetic phenolic
antioxidants, i.e., butylated hydroxyanisol (BHA) and butylated hydroxytoluene (BHT)
(W illiams, 1993; W attenberg, 1985).

20

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

2.7

Antitumorigens
Cancer is a dreaded disease and m ankind's inordinate desire for a long life o f high

quality has led to a search for anticancer drugs reviving a branch o f natural products
chemistry called ethnomedicine. The literature is replete w ith studies that have shown that
the human environment is a rich source o f potentially beneficial substances with
anticarcinogenic properties (Stich, 1991; Stavric, 1994). Currently hundreds o f dietary
supplements and a variety o f “natural” medicinal extracts grace the supermarkets and drug
stores o f many countries.
The use o f terrestrial plants in the armamentarium o f human therapeutics has been
known since tim e immemorial. Entire periodicals (Journal o f Ethnomedicine) are dedicated
to providing information describing such ethnom edical use and epidem iological data
suggestive o f therapeutic efficacy is available. Ancient Chinese society used Oldenlcmdia
diffusa, Scutellaria barbata, Astragalus mebranaceus and Lingustrum lucidum as antitumor
agents (Pezzuto, 1997,). M itscher et al., (1996) have shown that aqueous extracts o f these
plants reduced the mutagenicity o f aflatoxin Bt in the Ames assay. In modem civilizations,
plants continue to play an important role in health care. The antitumor agents paclitaxel
(Taxol®), vincristine (Oncovin®) and podophyllotoxin are natural products o f Taxus
brevifolia, Catharanthus roseus and Podophyllum peltatum, respectively (Pezzuto, 1997).
The spectrum o f drugs o f plant origin currently in use stretches beyond antitum or agents.
Cardiotonic glycosides, anticholinergics, analgesics, antimalarials, and the local anesthetic,
cocaine, are but a few examples. It is, therefore, little w onder that antim utage n ic and
anticarcinogenic factors are, and continue to be, isolated from foodstuffs o f plant origin.
This new source is aesthetically more acceptable and perm its adm inistration in toto.
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2.8

Antimutagens
The classification o f antimutagens as a separate category o f chemical substances

from antitum origens perhaps reflects the effective stage in the carcinogenic process than
the ultim ate outcome. Antimutagens have been defined as compounds o f natural or
synthetic origin that are able to lower or abolish genotoxic effects o f mutagenic and
carcinogenic substances through a variety o f mechanisms. The term was originally used by
N ovick and Szilard in 1952 to describe agents that reduced the frequency o f spontaneous
or induced m utations independent o f the mechanism involved. Substances that function as
antim utagens may exert their effect by altering the rates o f absorption and uptake,
intercepting carcinogens before their reaction with DNA, competing for binding to plasma
proteins, blocking the metabolic activation o f carcinogens and increasing their
detoxification, and stimulating error-free DNA repair (Cantelli-Forti et al., 1998). A
distinction has been made between inhibitors largely acting extracellularly and those that
may act intracellularly.
M odulators o f DNA repair and replication through, increasing fidelity o f DNA
replication, stim ulation o f error-free repair o f DNA damage and, inhibition o f error prone
repair systems are named bioantimutagens (Simic et al., 1997). Desmutagens, on the other
hand, are those substances that inactivate mutagens before they can attack DNA. These
distinctions are however, not rigid as inhibitors may work through multiple mechanisms.
It has been shown, for instance, that, chlorophyllin attenuates the mutagenic activity o f
various classes o f carcinogens such as aflatoxin B {, heterocyclic amines, polyaromatic
hydrocarbons and nitrosamines by trapping the mutagens through complex formation (Park
and Surh, 1996). The trapping occurs with both the parent compound and its reactive
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metabolites, interfering with their cellular uptake. Retinoids inhibit the activity o f several
P450 isoforms, particularly CYP1A and CYP2A but not CYP2B. In so doing they inhibit
the activation o f promutagens to electrophilic mutagens (Waters et al., 1996). N-acetyl
cysteine can act as a blocking agent, preventing the transportation o f the mutagen into the
cell and as a nucleophile, trapping electrophilic intermediates formed during activation o f
promutagens such as aflatoxin (Waters et al., 1996). The flavonoid quercetin blocks several
isoforms o f cytochrome P450 (Taj and Nagarajan, 1996) while catechins (polyphenols)
inhibit NADPH-dependent cytochrome c reductase and induce phase II enzymes. Aflatoxin
B, requires activation to the 8,9-exo-epoxide by P450 isozymes including CYP1A1,
CYP2A and CYP3A4. Inhibition o f P450 isozymes that account for m ost o f the catalysis,
such as 3A4 in humans and 2A5 in mice (Pelkonen, et al., 1997), by high affinity substrates
like coumarins, would alter the toxicity o f AFBt.
Cataloging the occurrence o f antimutagenic agents is very important since
mutagens and carcinogens are omnipresent in the human environment and elimination o f
all o f them seems to be impossible. Knowledge o f the types and nature o f micronutrient and
nonnutrient substances that occur in foodstuffs and can counteract mutagenic and
carcinogenic processes could be exploited to benefit both man and livestock. It is well
known, for instance, that fruits and vegetables contain a marked amount o f antimutagenic/
anticarcinogenic compounds, particularly the flavonoids (Sugimura et al., 1996; Tanaka
et al., 1997). Chlorophyllin, a food grade derivative o f chlorophyll, the ubiquitous pigment
in green plants, has been shown to be a potent dose-response inhibitor o f the mutagenicity
o f several compounds including benzo[a]pyrene, 2-aminoanthracene and aflatoxin Bt by
preventing DNA adduction and hepatocarcinogenesis in the rainbow trout (Breinholt et al.,
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1995). Rojanapo and Tepsuwan, (1993) have reported that chloroform, and hexane extracts
o f Chinese Radish strongly inhibited the mutagenicity o f aflatoxin B, in the Ames
Salmonella/microsomal m utagenicity assay using tester strains TA100 and TA98.
2.9

Occurrence o f antim utagenic substances in other com m odities
Traditional agricultural commodities like com and cottonseed have also been

shown to contain compounds that interfere with or inhibit, the m utagenic effects o f
aflatoxin. Haworth et al., (1989) observed more mutagenic activity from byproducts o f
AFB[ ammoniated in a model system without meal matrix than from that o f an AFB,contaminated cottonseed meal ammoniated under similar conditions. W hole grain or bran
m illing fractions o f rye, w heat and to a lesser extent barley w ere found to contain
alkylresorcinols which are natural amphiphilic compounds w ith m arked antioxidant
activity. Alkylresorcinol has been shown to markedly decrease the m utagenic effects o f
promutagens (B[a]P and 2-AF) and direct-acting mutagens (m ethanesulfonate and
daunorubicin) in a dose dependent manner in the Ames test (Gasiorowski et al., 1996). A
lack o f mutagenic response by TA100 to extracts/fractions obtained from naturally
contaminated com containing 1.5 ng AFB ,//zL with S9 activation was observed in earlier
studies by W eng et al., (1997), although the system showed positive m utagenic response
to pure AFB, at 0.1 ng//zL. The results suggested a difference in mutagenic potential
between pure aflatoxins and aflatoxins in com matrix. Extracts from the ammoniation o f
aflatoxin-contaminated cottonseed meal were tested for m utagenicity using the Ames test
(Haworth et al., 1989). It was observed that the mutagenic response to acetone-,
acetonitrile- and methanol-soluble fractions was positive for both non-am m oniated and
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ammoniated meal. However, approxim ately 10,000 —33,000 ng A FB ,/plate from the
extract was necessary to produce similar mutagenicity to 5 ng/plate pure AFBt . Similarly,
Lawlor et al., (1985) observed approxim ately a thousand fold difference in the quantities
o f aflatoxin eliciting a sim ilar mutagenic response between pure and cottonseed extracted
aflatoxin.

In another study, Droughton and Childs (1982) treated pure AFBt with

ammonium hydroxide and autoclaved for 10 m in at 15 psi (121° C). They found no
additional mutagenic potential when the decontamination reaction products were combined
with pure AFB,. More recently, sim ilar observations have been made using com in our
laboratory (Burgos-Hemandez, 1998). These results indicated the potential o f com and
cottonseed as sources o f chem ical compounds that substantially reduced the mutagenic
effects o f aflatoxin. However, these studies did not chemically elaborate the constituent(s)
responsible for the observed inhibition o f mutagenicity. In the study by Burgos-Hemandez,
(1998), one o f several antimutagenically active fractions was characterized as containing
linoleic acid or a linoleic acid-like substance.
2.10

Scope o f the methodology
The objective o f this study was to identify natural constituents o f com and

cottonseed that are sufficiently antimutagenic to counteract the genotoxicity o f the
mycotoxin aflatoxin. In order to achieve the goals set forth, a bioassay-directed
fractionation and thin layer chromatography were utilized to determine the occurrence and
relative activity o f antimutagens in the two commodities. Because o f their versatility, short
term test systems were selected despite the knowledge that they suffered from drawbacks
o f lacking the physiological complexity o f humans and other mammals. The process
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entailed evaluating extracts in bioassay systems, and fractions demonstrating the desired
response were considered as active leads. After a number o f active leads were identified the
most prom ising fraction was refractionated further and each ‘secondary’ fraction was
monitored for potential to mediate a positive response in the bioassay test system. This
process was continued until a pure active substance was obtained. M itscher et al., (1996)
noted that an antimutagenic designation was not accorded to any substance unless the
decrease in revertants was 20% or better. In this study the "2-Fold rule” coupled with a
dose related response was applied. The “2-Fold rule” was designed for genotoxicity testing
and is based on the premise that a substance that caused revertant numbers twice as many
as those o f a negative control is classified as mutagenic or genotoxic. The reverse was
applied in the interpretation o f results in this study. An extract causing a 50% or more
reduction in the number o f reversions arising from bacterial exposure to a specified amount
o f aflatoxin B ( was classified as antimutagenic.
2.11

Planar liquid chromatography.
Chromatography encompasses a diverse but related group o f methods that perm it

the separation, isolation, identification, and quantification o f components o f a mixture. The
term "chromatography" denotes a procedure in which a solution o f substances to be
separated is passed, in a direction determined by the arrangement o f the apparatus, over a
more or less finely divided insoluble organic or inorganic solid, resulting in retention o f the
individual components to different extents. The underlying mechanisms are the partitioning
o f the moving compounds between two liquid phases and also their being reversibly bound
on the surface o f the adsorbent. The most common form o f planar liquid chromatography

26

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

is thin layer chromatography (TLC); and this particular technique is the easiest, cheapest,
and m ost widely used method for the isolation o f natural products.
Separation by TLC is effected by the application o f the extract onto a sorbent
(stationary phase) that has been applied to a backing plate. The plate is then placed in a tank
containing a suitable solvent. The solvent migrates up the plate by capillary action, a
process known as 'developm ent.' The movement o f substances is a result o f two opposing
forces: the driving force o f the m obile phase and the resistive or retarding action o f the
sorbent. Migration o f a compound is quantified on a particular sorbent and solvent system
by a factor called the R f value. The R f value is a ratio o f the compound migration distance
from origin to solvent m igration distance from origin. These values are sometimes quoted
as hRf, i.e. relative to solvent front = R f x 100. The sorbent in this study was silica gel (a
3-D polymer o f tetrahedral units o f silicon dioxide, S i0 2.H20 ). The OH groups attached to
the silicon atoms are reactive and mainly account for the absorptive properties o f the gel.
The m ost nearly “ideal” conditions for TLC separation is considered to be at the level o f
11-12% water by weight (Fried and Sherma, 1999). These chromatographic conditions
represent reverse phase adsorption chromatography where polar compounds have a higher
affinity for the sorbent and move slowly up the plate as the solvent (m obile phase)
migrates. These compounds, therefore, will have relatively sm aller R f values.
The ability to achieve differential migration among a mixture o f components is the
result o f the selectivity, efficiency, and capacity o f the chromatographic system. Thin layer
chromatography can effect separation by four different mechanisms, and more than one
mechanism may be responsible during a given separation. Adsorption affects the m igration
o f individual compounds as a result o f differences in affinities for the sorbent, m aking
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some compounds more strongly adsorbed than others. In the case o f silica, adsorption takes
place because o f interaction between silanol groups (free hydroxyl groups attached to
silicon) and the compound. Partition may also occur involving the relative solubility o f the
compound between the sorbent and the solvent. Furthermore, compounds may be separated
by their relative sizes (size exclusion).
The degree o f attraction o f a solute fo r the stationary phase is described by the
equation; K = C /C m, where K is distribution or partition coefficient; Cs is the equilibrium
concentration o f the solute in the stationary phase; and Cmis the equilibrium concentration
in the mobile phase. A large K value implies greater affinity for the stationary phase hence
a lower R f value. The efficiency o f TLC is measured by calculation o f the theoretical plate
number N or plate height H from the equations; N = (X/W)2 and H = W2/16X, where X is
the distance (mm) from the origin to the center o f a given zone and W is the width o f the
zone. The factor 16 is a carryover from early distillation theory, the use o f which relates the
plates on the layer to the number o f discrete equilibrations o f the solute between the mobile
phase and the stationary phase. Conventional TLC is capable o f producing up to 600
plates, whereas a typical 25 cm x 4.6 mm HPLC column w ith 5 um particle size packing
w ill produce 10,000 to 15,000 theoretical plates (Fried and Sherma, 1999). Resolution o f
two chromatographic zones is defined as the distance between zone centers (d) divided by
the average o f the widths (W) o f the zones; R = d / (Wt + W J/2. Resolution can hence be
improved by moving the zone centers further apart (i.e. increasing system selectivity)
and/or decreasing the zone widths (increasing system efficiency). Resolution is considered
acceptable when it is equal to or greater than 1.0.
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The relative polarity o f a compound may be altered by the type o f mobile phase
used. Solvent polarity may be determined from its dielectric constant. A high dielectric
constant indicates a polar solvent w ith a strong power o f elution. Dielectric constants
measured at 20 °C vary from 78.5 (water) to 1.8 (pentane) when arranged in elutiopic series
(Cannell, 1998). M ixtures o f two to three solvents o f different polarities often give better
separation than chemically homogeneous solvents. Solvent mixtures have also been
arranged in pseudo-elutropic series without specific dielectric constants (Randerath, 1963)
as shown in Table 2.1 Tailing by acidic compounds due to interaction with silanols is often
corrected by addition o f acid to m aintain a non-ionized form. Fatty acids require simple
non-polar solvents while highly polar compounds that may irreversibly bind with silica
may require the use o f tertiary solvent systems.
2.12

Evaluation o f mutagenicity the mutagenicity testing assay
The Ames test, using Salmonella typhimurium tester strains TA100 and TA98, is

widely used as a simple and rapid in vitro method for detecting the mutagenicity o f a
variety o f chemicals. The test is also used for predicting possible carcinogenicity from the
results o f mutagenicity testing. Ames and McCann (1981), estimated that 83% o f chemicals
testing positive in the mutagenic assay are mammalian carcinogens. This test also plays
a critical role in new drug development for human use. Increases in the number o f mutant
colonies in the Ames assay are generally attributed to a DNA- damaging activity o f the
compound to which the cells are exposed. However, changes in the num ber o f mutant
colonies/plate m ight involve mechanisms other than genotoxic action. For example, the
growth-enhancing effect o f histidine represents the most easily misunderstood example for
an artifact in the Ames test (Gocke and Albertini 1996).
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Table 2.1 Elutive power of single and multiple component solvent systems,
Single component solvent*

Dielectric constant (20°C)b Multiple component solvent0

Order of increasing elutive power

Pentane

1.8

Benzene/chloroform

12

Hexane

1.9

Chloroform/acetone (95:5)

11

Benzene

2.3

Benzene/methanol (95:5)

10

Diethyl ether

4.3

Chloroform/methanol (99:1)

9

Chloroform

4.8

Chloroform/acetone (85:15)

8

Ethyl acetate

6.0

Chloroform/ether (6:4)

7

Acetic acid

6.2

Chloroform/methanol (95:5)

6

Dichloromethane

9.1

Chloroform/acetone (7:3)

5

Acetone

20.7

Ether

4

Methanol

32.6

Chloroform/methanol (9:1)

3

Acetonitrile

37.5

Acetone

2

Methanol

1

Water

78.5
Adapted from Cannell, 1998“ and Randerath, 1963°
bApplies to single solvent systems only

Bacterial m utation tests are relatively easy to perform and have been shown to
detect a wide range o f mutagens and animal carcinogens. These tests may, however, not be
appropriate for the evaluation o f highly bactericidal compounds and those known to
interfere specifically with mammalian cell division. It is also important to realize that the
use o f mutagenicity testing to predict carcinogenesis is not perfect. As earlier stated, it has
been shown that the correlation between carcinogenicity and m utagenicity was only 83%.
In principle, the Ames test consists o f exposing one or more Salmonella typhimurium
mutant (histidine dependent) strains to the potential mutagen that, by inducing a mutation
in the histidine gene, reverts an organism back to its w ild type state where it is able to
endogeneously synthesize histidine. The greater the number o f induced revertants per plate
relative to the control value, the greater the probability that the revertants were actually
induced by the test agent and were not spontaneous and the more reliable the results.
2.12.1 T ester strain s
The international Workshop on the Standardization o f Genotoxicity Test
Procedures held in Melbourne, Australia (Gatehouse et al., 1994) recommended the use o f
among other strains, TA100 and TA98 originally derived from Salmonella typhimurium
LT2. Each tester strain contains a different m utation in the operon coding for histidine
biosynthesis. Both TA98 and TA100 contain a m utation (rfa m utation) that makes the
lipopolysaccharide barrier, coating the surface o f the bacterium more permeable to larger
molecules, therefore enhancing the penetrability o f potential mutagens (Ames et al., 1973).
Another mutation present in these tester strains (except TA102) is the uvrB mutation. This
m utation is a deletion o f the gene coding for the excision repair system, which causes a
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permanency o f the effect o f the m utagens; therefore, it increases the sensitivity o f the
strains (Ames et al, 1973). This m utation is found in the gene coding for biotin synthesis;
as a consequence, these bacteria also require administration o f biotin to grow. To further
enhance their sensitivity, these tester strains contain an R-factor plasm id pK M lO l, which
enhances an error-prone DNA repair system and increases the chem ical and spontaneous
reversion rate o f the strains (Ames and McCann, 1981).
The difference between the tw o tester strains is in the location o f the histidine
m utation. The histidine mutation in TA 100 is found in the sequence coding for the first
enzyme in the histidine biosynthesis pathway. This mutation substitutes GC, GC, GC
(histidine independent) for GC, AT, GC (histidine dependent) (de M arini et al. 1993). As
a consequence, TA100 tester strain detects mutagens that cause a base-pair substitution
type o f m utation which restore the correct sequence for production o f histidine. The
mutation in TA98, is found in a sequence coding for histidinol dehydrogenase and consists
o f a shifted pairing that occurs in repetitive sequence or "hot spots" (in this case, repetitive
GC). This strain detects various mutagens that cause a fram eshift type o f mutation that
restores the right sequence for histidine biosynthesis (Isono and Youm o, 1974).
M aron and Ames (1983) recommend confirming tester strain genotypes when,
bacteria have been received, a new frozen or lyophilized permanent has been opened, right
before perform ing a mutagenicity test, when spontaneous revertants fall out o f normal
range, or when the sensitivity to standard mutagens has become weakened or lo st For this
purpose, there is a set o f biochemical tests that can be performed. Histidine requirement can
be confirmed by growing the bacteria in selective agar. The use o f crystal violet ascertains
the rfa m utation and testing the resistance to antibiotics (ampicillin) in media confirms the
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R-factor. O f all the tester strains, those containing the hisD3052 allele (especially strains
TA1538 and TA98) have been shown to be the m ost useful in mutagenesis screening
programs. The hisD3052 allele has a -1 deletion that was induced by an acridine nitrogen
mustard. Due to the nature o f this m utation, the hisD3052 strain is sensitive to frameshift
mutagens.
2.12.2 Spontaneous reversions
The CGCGCGCG sequence provides more opportunity than does any other
sequence at any other site w ithin the target for the occurrence o f slipped replication,
resulting in deletions and/or duplications. Such slipped mispairing is likely to be stabilized
by agents that intercalate (for example aflatoxin B,)and/or form covalent DNA adducts.
The CGCGCGCG region may assume a Z-DNA conformation, which could promote
deletion mutations. These involve the m isinsertion o f a base opposite a DNA adduct
followed by slipped mispairing. The quasipalindromic nature o f its sequence, i.e., the fact
that it contains many direct and inverted repeated sequences, presents an

ample

opportunity for the formation o f DNA secondary structures (intrastrand) permitting the
formation o f template-directed mutations (Vaatanen et al., 1997).
The number o f spontaneous (natural) revertants from histidine dependence to
histidine independence should be obtained routinely in every mutagenesis experiment and
expressed as the number o f natural or spontaneous revertants per plate. The rate o f
spontaneous reversion is characteristic for each tester strain and histidine concentration.
It is independent o f the initial number o f cells plated, within a certain range (105 to 108
cells). It is recommended that at least three spontaneous revertant control plates per strain
are included in every experiment (Maron and Ames, 1983). The normal ranges for
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spontaneous revertants w ithout m etabolic activation are 30-50 revertants/jplate for TA98
and 120-200 for TA100. Abnorm ally high spontaneous revertant num bers may indicate
contamination o r accum ulation o f backmutations by repeated subculturing. A decrease
may indicate partial or com plete loss o f the R-factor ( if they are sensitive to ampicillin).
M edia may also contribute to variability in the number o f spontaneous reversions. In
general, nutrient broth that contains beef protein extracted at high tem peratures may be
mutagenic (M aron and Ames, 1983) hence cause pseudo natural revertants.
2.12.3 T he S-9 cocktail
Many procarcinogens rem ain inactive until enzym atically transformed into
electrophilic species capable o f covalently binding to DNA leading to m utation. Metabolic
activation is, therefore, a critical step in m utation assays. A phenobarbital/5,6benzoflavone- or Aroclor 1254-pretreated rat liver S9 is routinely used in the Ames test
to effectively enhance the bioactivation o f test chemicals. Cytochrome P450 in the liver S9
fraction plays an im portant role in activating promutagens to proxim ate and/or ultimate
mutagens. Compounds requiring biotransformation to reactive m etabolites in order to be
mutagenic are called indirect-acting mutagens, and the aflatoxins are an example o f such
compounds. In this assay m icrosom al enzymes from the S9 fraction are used for the
purpose o f metabolic activation. The S-9 mix is an enzymic suspension that is obtained by
centrifuging Aroclor 1254 induced-rat liver homogenates at 9000 x g and decanting the
supernatant (S9 fraction). This suspension contains several m icrosom al enzymes, the
mixed function oxidase system (cytochrome P450) among them, th at are responsible for
the transform ation o f the parent compound in the reactive m etabolite.
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2.12.4 .Types o f assays
The International Standardization W orkshop m entioned previously did not
specifically recommend the use o f one o f the two m ost common procedures, pre-incubation
and plate incorporation. Although the pre-incubation procedure would seem to possess
certain theoretical advantages over the plate incorporation method, the latter is the m ost
commonly used type o f assay. The theoretical advantage o f the pre-incubation procedure
is based on a shortened lag phase (due to nutritive effects o f the S9 mix) allowing the
potential exposure o f logarithmically growing cells to any relatively unstable or short-lived
mutagenic species. The plate incorporation procedure involves the simultaneous addition
o f a mixture o f the sample, the tester strain, and S9 m ix ( if required) to the agar plate. It is
recommended that positive controls are routinely included to confirm the reversion
properties o f the tester strains and the efficacy o f the metabolic mixture. N-methyl-N'-nitroN-nitrosoguanidine (MNNG), and sodium azide may be used as direct-acting, and 2aminofluorine (2-AF), and benzo(a)pyrene as pro-m utagenic positive controls.
Compounds tested for mutagenicity are commonly dissolved in dimethyl sufoxide
(DMSO) when they are not soluble in water. Dimethyl sulfoxide is the most useful carrier
solvent because (i) o f its capability to dissolve a wide range o f chemicals, (ii) it is relatively
non-toxic to the bacteria, (iii) it does not affect the m icrosom al enzymes, and (iv) it is
miscible with the molten top agar. However, there are compounds that may not be soluble
or stable in DMSO. Additional solvents have been evaluated for their com patibility w ith
this test system, and 12 were found to be satisfactory under certain restrictions : glycerol
formal, dim ethyl formamide, formamide, acetonitrile, ethanol (95%), acetone, ethylene
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glycol, dimethyl ether, 1-methy1-2-pyrrolidinone, p-dioxane, tetrahydrofurfuryl alcohol and
tetrahydrofuran. More solvents w ith sim ilar compatibilty will soon be available.
2.12.5 Biochemical tests for confirmation o f tester strain genetic markers.
The tester strains (TA100 and TA98) were tested to confirm the presence o f the
desired genetic markers. Using the tests outlined below, the condition o f the bacteria was
determined and their suitability for subsequent use ascertained.
Histidine R eq u irem en t : The two tester strains were separately plated on VogelBonner minimal glucose agar plates containing either 0.05mM histidine/biotin or biotin
alone. The seeded plates were incubated at 37 °C for 48 hours. Lack o f growth on biotin
only plates (and grow th on histidine/biotin plates) indicated the existence the o f desired
genetic marker for histidine requirement (mutation in the histidine gene renders the bacteria
incapable o f synthesizing histidine). The tester strains had therefore, not been altered as a
result o f handling or storage.
Crystal violet (Tfa) : One hundred microliters o f tester strain (TA100 or TA98)
suspension was added to separate culture tubes containing 2 ml o f m olten top agar (without
histidine/biotin). The m ixture was poured onto nutrient broth agar (10 -15 ml) plates and
let to set. Three filter paper discs (6 mm diameter) were placed on each plate. Five
microliters o f crystal violet solution (1 mg/ml hexamethyltriaminotriphenylcarbinol
chloride, with ammonium oxalate) was added to each disc. Triplicate plates per strain were
incubated at 37 °C for 12 hours. A zone if growth inhibition around each disc was an
indictaion o f fixation o f the rfa mutaion for the lack o f lipopolysaccharide barrier in the cell
wall making the membranes highly permeable even to very large molecules.
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Am picillin Resistance (R-factoff: Nutrient broth agar plates were streaked with
ampicillin. Bacteria strains were then streaked onto the plates, and the plates incubated at
37 °C for 12 hours. Growth on ampicillin plates indicated that the genetic marker for
resistance to am picillin was intact.
2.13

Safety measures for the handling o f aflatoxin B „ MNNG, 2-AF, and NaN3
Aflatoxin B u 2-aminoflourene, N-m ethyl-N'-nitro-N-nitrosoguanidine (MNNG)

and sodium azide (NaN3), are extremely hazardous substances that require special safety
measures during their handling. As recommended by the LSU Campus Safety Office,
handling o f the toxins was confined to a fumehood. Among several safety measures
instituted during the use o f these chemicals were: (1) restricted access to the laboratory
when testing was conducted; (2) in-house training o f a ll personnel likely to handle these
chemicals, (3) use o f proper and appropriate personal protective equipment that included
nitrile-gloves, organic vapor-respirator and safety goggles. There were slight variations in
the extent o f safety precautions for each substance. N-methyl-N'-nitro-N-nitrosoguanidine
was weighed in a container placed on a m oist surface (i.e., paper towel) to ensure that
crystals dropping out were trapped. After preparation o f the initial concentrated solution
a change o f gloves was necessary to minimize cross contamination. From the MNNG stock
solution necessary dilutions were made using disposable pipettes and glass vials. After the
required diluted solution was prepared, the pair o f gloves was disposed o f and a new pair
worn. All the m aterial was deposited into a biohazard waste disposal cardboard box. The
same personal protective equipment was worn during the anti-mutagenicity assay. After the
assay was completed, all vials containing the spiked sample, suits, and gloves were
disposed o f according to a specially designed protocol and not autoclaved as was done with

37

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

other w aste. Rem aining MNNG was put securely in a secondary container, appropriately
labeled, and stored at -20 °C for further use. Similar measures were employed for the
handling o f 2-AF and sodium azide. It was found prudent to perform tests involving sodium
azide, MNNG and 2-AF at the same tim e. Other measures included reducing possible
exposure by lim iting contact tim e. The use o f one tester strain for tests involving MNNG,
2-AF, and sodium azide achieved this goal. Body suits were not deem ed necessary for
handling aflatoxin B ,.
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CHAPTER 3. ISOLATION AND CHARACTERIZATION OF
ANTIMUTAGENIC COMPOUNDS FROM CORN
3.1

Introduction
Com is a gigantic domesticated grass (Zea mays ssp mays) o f tropical Mexican

origin. A m ixture o f folklore and science places com domestication from the w ild grass
teosinte (Zea mays spp parviglum is) to between 4-3000 B.C. in the Michoacan's Balsas
river drainage, Mexico (Salvador, 1999). The plant is used to produce grain and fodder that
are the basis o f a num ber o f food, feed, pharmaceutical and industrial manufactures. Due
to its adaptability and productivity the culture o f com spread rapidly around the globe after
Spaniards and other Europeans exported the plant from the Americas in the 15th and 16th
centuries. Com is currently the third m ost planted field crop after wheat and rice. The bulk
o f the com production occurs in the United States, Peoples Republic o f China, and Brazil,
which together account for 73% o f the annual global production o f 589.4 m illion tons
(FAO, 1998). In Louisiana, com ranks fourth after sugarcane, cotton, and rice as an
agricultural commodity. In 1998, Louisiana produced 56.6 m illion bushels (1.4 m illion
tons) o f com valued at $135 m illion [Louisiana Cooperative Extension Service, (LCES)
1998].

In the United States 1.2% o f com is used for food, 2.6% goes into starch

production, 5.0% is used for alcohol production, 8.0% is used for sweeteners and 50.1%
is used as animal feed. Com is an important commodity to the United States because the
country is the world's largest com exporter, providing 80% o f the global com needs. The
importance o f com is greater in third world countries where it is the m ain source o f
nourishment. Zambia, for instance, produces about a m illion tons annually and all is used
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as human food. In m ost warm and humid regions the com crop is highly susceptible to
fungal invasion and aflatoxin production. Current estimates show that in 1998,25% o f com
fields in Louisiana were rejected or never harvested due to suspected aflatoxin
contamination (LCES, 1998). Rejected Louisiana com sold on the salvage market a t $1 or
less per bushel ($8.00/ton) compared to about $24.00/ton for clean com. In this instance
aflatoxin contamination directly translated into a significant loss o f revenue for Louisiana
com farmers. Elsewhere, there would have been an accompanying loss o f food as well.
Although information on the levels o f aflatoxin contamination o f Louisiana com
could not be obtained, they were, perhaps, above the United States' Food and Drag
Administration guideline action level o f 20 parts per billion (20 ppb) in commodities
destined for human consumption. Whether exposure to 20 ppb aflatoxin can result into a
deleterious health outcome is a matter o f scientific debate. W hat is indisputable is that
com, particularly some varieties o f yellow com, is a rich source o f flavonoids, polyphenols
and carotenoids (Rooney and Sema-Saldivar, 1987). The occurrence o f these substances
does not only markedly decrease pest infestation (Gueldner et al., 1992), but also directly
reduces aflatoxin levels in the grain (Norton, 1997). In addition to m inim izing the
formation o f aflatoxin, flavonoids, carotenoids and polyphenols mitigate the toxic and/or
mutagenic effects o f aflatoxin (Masuda, 1999; Gasiorowski et al., 1996; Krizkova et al.,
1998). Norton (1997) reported that pure a-carotene and lutein, both o f which occur in
com, reduced the mutagenic effect o f aflatoxin to 2% that o f control. Furthermore,
Gasiorowski et al., (1996), showed that alkyresorcinol, a natural amphiphilic compound
commonly found in cereal grains, markedly decreased the mutagenic activity o f 2-

40

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

aminofluorene, benzo[a]pyrene, daunorubicin and methyl methanesulfonate. Similarly, Taj
and Nagarajan, (1996), demonstrated that luteolin protected (93%) cells against genetic
damage and inhibited 95% o f expected chromosome aberrations induced by a mutagenic
fish extract. Recent observations in our laboratory (Burgos-Hernandez, 1998) have clearly
demonstrated the occurrence o f potential beneficial constituents o f com that may be
capable o f decreasing both mutagenesis and, perhaps, carcinogenesis. Burgos-Hemandez,
(1998), tentatively identified one such bioactive constituent as linoleic acid. Preliminary
observations in this study indicated that there were several compounds extractable into
dichloromethane from com that showed substantial inhibition o f the mutagenicity o f
aflatoxin in the Ames assay.
This study therefore set out to isolate and identify as many active constituents o f
com as tim e would permit. The value in knowing this is that the contribution o f
antium tagenic substances that occur in an aflatoxin-susceptible commodify could be
factored into management strategies.
3.2. M aterials and methods
3.2.1 Chem icals
A m picillin, D-biotin, magnesium sulphate, sodium ammonium phosphate, Lhistidne, tetracycline, sodium dihydrogen phosphate, (3-nicotinamide adenine dinucleotide
phosphate (NADP, sodium salt), calcium sulfate, silica gel (G and H), glucose-6 -phosphate,
citric acid monhydrate, glucose, potassium phophate dibasic (anhydrous), magnesium
chloride, disodium hydrogen phosphate, ferulic acid, chlorogenic acid, linoleic acid,
sodium chloride and potassium chloride were purchased from Sigm a Chemical Company
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(St. Louis, MO). Chloroform, methylene chloride, acetonitrile, acetone, ethanol methanol,
dimethyl sulfoxide, hexane, anhydrous ethyl ether, and HPLC grade w ater were acquired
from M allinckrodt Baker, Inc., (Paris, KT). Bacto agar and crystal violet were obtained
from Difco Laboratories (D etroit, M I). Oxoid nutrient broth No. 2 was sourced from
Unipath LTD (Basingstoke, Hampshire, England). Rat liver post-mitochondrial supernatant
(S9 mix) was purchased from M olecular Toxicology Inc., (Boone, NC). Pure aflatoxin
standards were kindly provided by Dr. M ary W. Trucksess, Food and Drug Adminstration,
W ashington, D.C.
3.2.2

C orn
Com, naturally contam inated w ith aflatoxin (400 ppb), was generously donated by

Dr. J. Ellis, Texas Office o f State Chem ist and was stored at 4 °C until use.
3.2.3

Bacterial tester strains
The Salmonella typhimurium LT2 mutants TA100 (hisG 46/rfa / AuvrB / pK M l 01)

and TA98 (hisD3052 / rfa / AuvrB / p K M l01) were used. These tester strains detect basepair substitution mutations and fram e-shift mutations, respectively. The strains were
obtained directly from Dr. Bruce Ames and were checked at regular intervals for genotypic
stability. Strains were stored DM SO-protected as frozen perm anents at -80°C in 2 ml
portions. Organisms for every day use were obtained from colonies subcultured on
am picillin minimal glucose agar m aster plates. The m aster plates were made from frozen
permanents every 14 days. The 14 day period was the maximum a m aster plate was used.
Often m aster plates were prepared m ore frequently to ensure that tester strains were still
biochemically viable and not over aged.
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3.2.4

5a//»0ffe//a/m icrosom al m u ta g e n ic ity a s s a y (Ames te s t)
The antim utagenicities o f com extracts w ere tested using the standard plate

incoporation Salmonella!microsomal mutagenicity assay as described by Maron and Ames
(1983). Working in a laminar flow hood disinfected w ith 75% alcohol, a single colony was
aseptically picked from an ampicillin master plate and placed in 50 ml o f sterile nutrient
broth in an Erlenmeyer flask. The flask was lightly capped to allow airflow and placed in
a gyratory waterbath, set at 200-250 rpm and 37 °C, for 12 hours. After incubation, growth
was confirmed by checking the turbidity using a spectrophotom eter (Spectronic 20D,
Spectronic Instruments, Rochester, NY) at 650 nm. Sterile Oxoid Broth No.2 was used as
a blank. Absorbance readings in the range o f 0.75 - 0.85A indicated an optimal cell density
o f 1-2 x 109 bacterial cells/m l. With experience, such a cell level could be estimated by
placing the index finger behind the flask. If the finger was not clearly visible from, the other
side while looking through the broth, the cell count would be approximately in the correct
range.
It was important to prepare the S-9 mix ju st before commencement o f the test. All
apparatus and solutions used were sterilized and all operations conducted under a laminar
flow hood. It is recommended that, where possible the glucose-6 -phosphate and NADP
solutions are filtered through a sterile micropore filter before addition to the S-9 mixture.
The reason for this step in the procedure is that the two substances cannot withstand
autoclave temperatures. Where sterile filtration is not possible but an autoclave is available,
G-6 -P and NADP should be aseptically weighed into a previously sterilized container and
then dissolved in sterile HPLC water.
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Before preparing the S-9 mix, dry com dichioromethane extracts were reconstituted
in dim ethyl sulfoxide (DMSO) in 4 m l am ber vials and diluted (0, 5, 25, 125, and 625
times). Each dilution was spiked w ith 100 ng aflatoxin Bt. The S-9 mix components were
mixed in a specific order as follows: First, rat liver was added to a sterile Erlenmeyer flask
previously chilled on ice. This was followed by the addition o f the buffer, salt solution,
glucose-6 -phosphate, NADP, and finally sterile w ater in that order. During the assay the
S-9 m ix was kept on ice. One hundred m icroliters o f the extract-toxin mixture was added
to 2 m l o f 0.05 mM L-histidine-0.05 mM D -biotin m olten top agar in a 13 x 100 cm test
tube. One hundred microliters o f the bacterial tester strain was then added to the test tube
followed by 500 pL o f S9 mix

[8

mM MgCl2, 33 mM KC1,5 mM glucose-6 -phosphate, 4

mM NADP, 100 mM phosphate buffer (pH 7.4)]. The m ixture was gently swirled and
poured onto a minimal glucose agar plate. For the m utant counts at least three plates were
used for each strain and dose level. An equal number o f plates containing the solvent minus
the test substance comprised the negative controls. Sim ilarly, positive controls had three
plates per strain. Furthermore, a standard curve for aflatoxin B, involving at least four dose
levels and three plates per dose and strain was made with each test. In experiments without
the S9 m ix, a mixture o f all other constituents o f the S9 m ix, except rat liver, was used.
The plates were incubated at 37 °C for 48 hours. The num ber o f revertant colonies were
m anually counted using a Bactrovic Colony Counter (M odel C-110, New Brunswick
Scientific Co., New Brunswick, NJ).
The number o f revertants on extract containing plates were averaged and compared
to those on positive and negative control plates. A 2-fold reduction in the num ber o f
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revertants on extract-spiked plates relative to those induced by aflatoxin B! positive control
plates and a notable dose-response relationship was considered an indication o f
antimutagenic activity by an extract. Antimutagenicity was expressed as a percentage o f
mutagenicity inhibition following the formula: % inhibition = 100 - [X 1/X 2(100)], where
X, = number o f revertants per plate in the presence o f extract; X2= number o f revertants
per plate in the absence o f extract. Slope values were used to calculate potency. The
toxicity o f a substance was assessed as gross appraisal o f background growth on m utant
plates and /or as a m arked and dose dependent reduction in the number o f mutant counts.
3.2.5

Statistical analysis
The popularity o f the Ames assay w ithin genetic toxicology, and some o f the

unusual features o f the data, have drawn the attention o f statisticians. The Ames assay data
is often overdispersed (i.e. the variance is greater than the mean) and the dose-response
curve is often not monotonically increasing. Kim and Margolin, (1999) reviewed statistical
methods employed for the analysis o f Ames assay data. They found that 40% o f the tim e
the “ 2 -fold rule” was applied compared to
11%

20%

for slope o f the initial linear region and

for the ordinary least squares method (a sim plified version o f linear regression

analysis). Only nine percent o f studies examined used biologically based m echanistic
models. An obvious reason for the bias in statistical procedure selection is that the sampling
distribution o f the num ber o f revertant colonies in the Ames assay may assume any o f the
following forms: Poisson, generalized Poisson, negative binomial or even an unspecified
distribution. W ith an uncertain distribution, the choice o f a statistical procedure is difficult.
Com puter simulations showed that when the 2-fold rule was coupled to a verifiable doseresponse relationship, it was sufficient for derivation o f inferences from data w ith large
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numbers o f natural revertants. Similarly, Cariello and Piegosch (1996) addressed the
probability o f observing a false doubling in num ber o f colonies. They found that when jx
for spontaneous revertant counts was not less than

10,

the

2 -fold

rule induced a

conservative decision. Furthermore, the International Workshop on the Standardization of
Genotoxicity Test Procedures universally agreed that 5 doses o f test compound should be
used at three plates per dose. It was deemed unnecessary to perform repeat tests for
negative assays. Although there was general agreement that statistical analysis can often
be a useful tool when evaluating results, it was felt that such analysis should not be
mandatory. Instead good scientific judgement was emphasized. In this study, the two-fold
rule coupled with an examination o f the dose-response characteristics was generally
employed to assess the hypothesis test Ho: pt = 0 and Ha: pt < 0. Comparison o f slopes
for potency was done using a linear regression analysis performed on data transformed for
linearity.
3.2.6

Preparation o f thin layer chromatography (TLC) plates
Thin layer chromatography plates were made by coating clean and dry 20 x 20 cm

glass plates w ith a silica gel H (10 - 40 pm) slurry using a hand-held spreader. The slimy
was prepared by adding silica gel and calcium sulfate (5% w/w as binder) to distilled water
in an approximately 1:2 ratio. There was a slight variation from the 1:2 ratio depending on
conditions in the laboratory and age o f the silica gel. Freshly opened silica gel often
required a little more water (ca 1:2.2). Where signs o f ridging were evident on freshly made
plates, a little tapping o f the spreader base often smoothed out the coating. Coated plates
were let to dry at ambient temperature and activated at 60 °C for 2.5 hr before use.
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Activated plates were stored in a dessicator since the plates could easily become
deactivated if they absorbed w ater before use.
3.2.7

Extraction o f antimutagenic compounds
The purpose o f extraction is to release the compound(s) o f interest from the

intracellular m atrix. It is thought that alcoholic solvents efficiently penetrate cell
membranes, perm itting the extraction o f high amounts o f endocellular components. In
contrast, solvents o f low polarity like chloroform may wash out m ostly extracellular
materials. In this exercise, an intermediate polarity solvent, dichloromethane, had
previously been shown by Weng, et al., (1997) and Burgos-Hemandez, (1998) to have
sufficient elutive capacity for some bioactive compounds in com. To maintain continuity,
dichloromethane was selected for use.
Two kilograms o f com was ground in an ultracentrifugal mill (Retsch M ill, Type
ZM 1, Brinkman Instruments ) fitted w ith a Brinkman number 1 screen. The extent o f
communition was equivalent to com meal passed through a standard US No. 20 sieve. The
ground com meal was divided into 100 g portions and stored at 4 °C until use. To extract
antimutagenic compounds from the com meal, a 100 g portion was placed in a 1 L
Erlenmeyer flask and 500 ml dichloromethane was added. The mixture was shaken on a
wrist action shaker (Burrell W rist Action Shaker, Model 75, Pittsburg, PA) for 60 minutes
and filtered under vacuum through Whatman® No. 4 filter paper (Whatman International
Ltd, Maidstone, England). The filtrate was concentrated using a rotary evaporator (Buchi
Model RE121, Switzerland) under low temperature (40 °C) and reduced pressure, to an oily
residue o f approximately 5 ml volume. The com meal residue from the dichloromethane
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extraction was air-dried in a fumehood and stored at 4 °C until further use. The
concentrated extract, when not im m ediately utilized, was sim ilarly stored at low
tem perature until required for thin layer chromatography fractionation.
3.2.8

Fractionation o f dichloromethane corn extracts
Fractionation o f com extracts was performed using 20 x 20 1.0 mm thick silica gel

H laboratory-made thin layer chrom atography (TLC) plates. The fractionation was
performed in two phases: The first phase was designed to determine the appropriate solvent
systems, standard toxin dosage rates and bacterial culture time. In this first trial (Figure
3.1), a 10 ml concentrated oily extract portion was divided into two aliquots o f
approximately 5 m l each. One 5 ml portion was applied to several TLC plates as a streak
3.0 cm from the edge o f the TLC plate and the second 5 ml portion retained as "crude
whole extract" for direct bioassay testing. The streaked material was allowed to dry at
ambient temperature for 10-15 minutes. The plate was then placed in an unequilibrated tank
containing 100 ml o f chloroform:methanol (96 + 4). Each tank held a maximum o f two
plates. It was allowed to develop until 1-2 cm from the top. The furthest point the solvent
migrated was marked as the solvent front before the plate was rem oved from the tank and
placed in a fume hood to dry. The dry plate was examined visually and under long wave
ultra violet light (UV 360 nm) for any discem able color bands. Several such bands were
grouped into three major categories based upon m igration ratios (Rf) and predominant
fluorescing colors. Once groups had been marked, silica gel from each region was carefully
scraped using a spatula and placed in a 100 m l beaker. The scrapings were extracted with
2 x 20 ml volumes o f chloroform:acetone (80 +20) and filtered through W hatman No. 4
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Ground com

i

Extract
(CH 2Cl2, 1:5 w/v, 60 min)

i

Filter
(W hatman No. 4)

Residue
(dry)

Filtrate

l

Concentrate

Whole crude
extract

TLC
[CHC13 + MeOH]
(96 +4)

f

T

Rfs, (0.57-0.79)

▼

(D)

(A)

1

(0.18-0.36)

(0.00-0.05)

▼
(B)

(C)

▼

Figure 3.1 Schematic representation o f the com extraction and fraction procedur for
trials I and n.
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filter paper. The filtrate was dried under low heat and a gentle stream o f nitrogen to near
dryness. M aterial recovered from the scrapings and the fraction reserved as "crude whole
extract" were tested for antimutagenic activity'. In the second trial and all subsequent
isolations, TLC plates streaked with crude oily extracts were developed twice in ether
instead o f chloroform:methanol (96+4). Ether was a more efficient solvent for separating
fatty substances from the rest o f the extract components than the form er solvent system.
The first stage o f the main fractionation scheme is shown in Figures 3.2. The first
partitioning was into three major categories: a fatty portion migrating close to the solvent
front (Fraction 'A1), an intermediate, mainly yellow pigmented material (Fraction B '), and
multiple colored substances that did not (or had barely) migrated from the point o f
application (Fraction 'C')- Each fraction was carefully scraped o ff the plate with a spatula,
extracted with chlorofbrmracetonermethanol (50+25+25), filtered (Whatman No. 4,12 cm),
divided into two equal volumes, and concentrated under nitrogen. Portions for bioassays
were immediately stored under refrigeration (-20 °C) until use. The remaining material
from each fraction was individually fractionated as shown in Figures 3.2a - 3.2g.
During the fractionation groups o f substances, that showed high antimutagenic
activity and an apparent ease o f isolation were preferentially selected. Bands from different
fractions but showing considerable sim ilarities on a chromatogram were combined and
considered as one. For example, two green and blue bands that consistently occurred in
sub-fractions o f group 'B' (yellow) were mixed and coded as an entity (Figures 3.2d, 3.2e,
and 3.2f). The quantity o f material available for fractionation often decreased substantially
through the various TLC stages. Fresh extraction was carried out and isolated fractions
were combined with existing fractions o f comparable characteristics.
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Ground com
(No. 20 sieve)

Extract
(CH 2C1, 60 min)

i
TLC
(Ether x2)

Fraction-A
(Fatty portion, >0.78}

I

(A)
(Bioassay)

▼
(A)
(TLC)

Fraction-B
(YeUow, 0.15-0.78)

'(B )
(Bioassay)

(B)
(TLC)

Fraction-C
(M ixed colors, <0.15)

(C)
(Bioassay)

(C)
(TLC)

Figure 3.2. Fractionation scheme for antimutagenic constituents o f com extract applied in
trial in.
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However, fractions that did not resolve in two to three solvent systems were
abandoned and follow-up investigations term inated. The fractions were labeled according
to their original source. For example in Figure 3.2 the predominantly yellow group of com
components is classified as fraction 'B \ The letter 'B' is retained as the first identifying
m arker in all subsequent fractionations o f this group. As shown in Figure 3.2a, the next
sub-fraction adds a digit to the identifying m arker (e.g. B2). The next sub-fraction derived
from B2 would assum e the code B2A. Subsequent coding is based on a continual
alternation o f letters and figures (e.g. B2B1 in Figure 3.2f).
Candidate fractions were tested in the Ames Salmonella/m icrosom al mutagenicity
assay at various stages during isolation. Antimutagenically active fractions were recorded
and classified according to potency by visual inspection o f revertant num bers and doseresponse characteristics, and determ ination o f slopes using linear regression analysis.
Active fractions were subjected to further purification and bioassay. Nine com fractions
were prelim inarily identified for further investigations, based on their activity profiles.
Further partitioning o f the nine fractions yielded 18 sem i-purified fractions. The
18 fractions were subjected to bioassay screening for activity and those that did not
m eet the 2-fold rule classification for antim utagenicity were discontinued. O f the 18, ten
isolates were discarded. Eight fractions w hich showed activity were subjected to further
purification on precoated silica gel GHL 1 mm thick TLC plates. Up to this stage long
wave ultra violet light fluorescence was used to m ark differently fluorescing groups o f
compounds. However, loss o f activity betw een TLC partitions necessitated the use of
other means o f identifying the location o f compounds on the TLC chromatogram. A
ferric chloride/potassium ferrocyanide solution ( 1 % hexahydrated ferric chloride in
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Fraction - A*
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(9 0 + 5 + 5 )
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Figure 3.2a. Fractionation o f the active constituents o f com fraction.‘A ’.
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Figure 3.2b. Fractionation o f active constituents o f com fractions TT and 'C'.
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Figure 3.2c. Fractionation o f com sub-fraction 'B ID ’

55

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

B1D4

Fraction B1C*
(Figure 3.2b)

I

TLC
[CHCljrMejOrEther]
(92+4.5+3.5)

[
Rfs, 0.11
(Purple)

0.16
0.22
(Yellow) (Blue)

0.56
(Green)

0.67
(Blue)

B1C1

i

TLC
[CHC13rMejOrEther]
(92+4.5+3.5)

r
Rfs, 0.08
(Purple)

Ti
0.25
(Yellow*)
B1C1A

i
0.55
0.62
(Green)
(Blue)

TLC
[CHClj rMejO :Ether]
(85+12+3)

i.

B lC lA *
Figure 3.2d. Fractionation o f com sub-fraction 'B1C'.
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Figure 3.2e. Fractionation o f com sub-fraction 'B1A'.
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Figure 3.2f. Fractionation o f com sub-fraction B2B*.
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Figure 3.2g. Fraction o f com sub-fractions A1A2 and C3

59

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

ethanol plus 1 % potassium ferrocyanide in water) was found suitable for this purpose.
Plates were first examined visually and under UV light.Thereafter, 5/6 o f a plate was
covered w ith aluminum foil while the remainder was sprayed with the color reagent. Blue
fluorescing zones were considered as locations o f compounds hence corresponding areas
from the non-sprayed section were then scraped fo r further testing.
The use o f the ferric chloride/potassium ferrocyanide spray permitted the
identification o f more components o f the fractions under study. As a result, the number o f
fractions thus increased from 8 to 22. The 22 isolates were tested for activity as previously
performed. Ten isolates that retained activity were stored at -20 ° C pending chemical
characterization.
3.2.9

Extraction o f dichloromethane corn residue with acidified methanol.
Com residue from dichloromethane extraction was air-dried in a fume hood and

stored at -20 °C until use. Two hundred and fifty grams o f the dried residue was extracted,
w ith constant stirring, with 1L o f acidified methanol (1% IN HCl) for 6 hours. The extract
was filtered through Whatman No. 4 filter paper and the filtrate concentrated on a rotary
evaporator at 45 °C. The residue was discarded. During rotary evaporation/concentration
the m aterial separated into distinct components, a highly viscous portion (MEB, 2.0 g)
(ME, M ethanol Extract) and a main deep yellow portion (MEA, 2.7 g). The viscous
portion appeared to be high in sugars or starch and was difficult to bring to a dry state. The
deep yellow portion dried much more easily w ithin the same flask. The two components
were, therefore, treated as chemically distinct fractions.

60

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

A schematic representation o f the workout o f the m ethanol extract is presented in
Figure 3.3. Fraction MEA was reconstituted in 10 ml methanol and divided into two equal
portions, MEA land MEA2. Subtraction MEA1 was stored at -20 °C for direct testing
(Ames assay) and acid hydrolysis. Fraction MEA2 was streaked on precoated preparative
20 x 20 cm silica gel G, TLC plates (Silica gel G TLC plates (No. 07899), Aldrich
Chemical Company Inc., M ilwaukee, W I 52301). The plates were developed in an
unequilibrated tank in chloroform: methanohn-propanol (93 + 6.5 + 0.5) until the solvent
had migrated 15 cm or more. U pon removal from the chrom atography tank, plates were
allowed to air dry under a fomehood. They were then examined visually and under ultra
violet light for single or m ultiple bands o f compounds. A depression line was made using
the tip o f a 20 uL m icropipette tip, carefully marking areas on the plate covered by
identified bands. Ninety percent o f the plates were then covered w ith foil and the uncovered
portion sprayed w ith a ferric chloride/potassium ferricyanide solution. Areas adjacent to
regions forming blue coloration were, if not previously marked, demarcated for scrapping.
Marked zones were carefully scraped using a spatula and scrapings collected into a 25 ml
beaker. Methanol ( 2 x 8 ml) was added to the beaker and the mixture stirred for 3 minutes
to ensure optimal transfer into solution. The mixture was filtered through an 11 cm
Whatman No. 4 filter paper into a 20 m l vial and dried under a gentle stream o f nitrogen.
Dried fractions were stored at -20 °C until use.
Acid hvdrolvsis: One gram o f each o f fractions MEA1 and MEB was reconstituted
in 30 ml methanol in a 125 ml Erlenmeyer flask and gently shaken until all the material had
dissolved. Thirty milliliters o f IN hydrochloric acid was then added and the mixture heated
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in a hot plate at low heat, w ith occasional shaking, for 30 minutes. The hydrolysate was
cooled to am bient temperature. Fifty m illiliters o f diethyl ether and 30 ml w ater were
added, respectively. The mixture was transferred to a 250 m l separatory funnel. It was
shaken for 3 minutes and allowed to separate into aqueous and organic phases. The upper
ether phase was drained into a beaker, concentrated under nitrogen and stored at >20 °C
until used in bioassay tests and further purification. Subsequent exhaustive fractionation
o f the methanol extracts involved repeated TLCs in chloroform:methanol:isoporpanol:
formic acid (80+10+10+1), visualization and scrapping followed by development in
chloroform:methanoI:ether:formic acid (85 +11.5 + 2 +1.5) and butanol:acetic acidrwater
(50+ 25 + 25), respectively. The sem i-purified extracts from this stage were stored for
comparison w ith known flavonols.
3.2.10

Antimutagenicity o f active fractions against MNNG, 2-AF and sodium azide
Com fractions that were determined to be active against aflatoxin were tested

against a second indirect mutagen,

2 -am inofluorene

and two additional direct acting

mutagens, MNNG and sodium azide. The general testing protocol applied previously was
used. In this test, however, only the tester strain TA100 was used. Furthermore, the
complete S-9 cocktail was not used for the direct acting mutagens. Instead, a m ixture o f
buffer, salt solution, and cofactors, without the rat liver fraction, were added to the test,
mixture
3.2.11 Identification of isolates by thin layer chromatography, high pressure
liquid chromatography and gas chromatogrpahy-mass spectrometry.
Thin layer chromatography: Active fractions o f acidified methanol extraction were
compared to known com flavonoids and flavonols. A 250 um 20 x 20 cm TLC plate was.
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Figure 3.3. Fractionation and acid hydrolysis o f methanolic extract o f com residue.
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TLC

scored with two lines at right angles 3.5 cm from each edge. Twenty m icroliters o f extract
was spotted 2 cm above the intersection while the suspected pure compound was spotted
on either side in the demarcation lines. Two such plates w ere spotted for each active
extract- One plate was developed in chloroform:acetone:isopropanol (80+10+10) in one
direction, allowed to dry under a fiimehood, and redeveloped in the second direction in
chloroform:acetone:ether:formic acid (85+12+2+1). The second plate was developed in
chloroform :acetic acid.water (85+25+15) in the first direction, dried, and redeveloped in
butanolracetic acidiwater (60+25+15) in the second direction. Once dry, the,plates were
examined visually and under long wave ultra violet light for characteristic spots similar to
those o f standard. This step was not perform ed for fractions from dichloromethane
extraction because flavonoids or flavonols were not expected to have been extracted.
High pressure liquid chromatography: Selected fractions from the acidified
methanol extraction were subjected to HPLC analysis w ith the assistance o f the Food
Chemistry Chromatography Unit o f the Departm ent o f Food Science, Louisiana State
University. The chromatograph, a W aters 2690 Separation M odule, was fitted with a
reverse phase C18 column (Varian M icrosorb MV, 100 angstroms; Rainin LC supplies,
W alnut Creek, CA). The mobile phase was a linear flow o f m ethanol at a flow rate o f 1
ml/min. A UV detector set at 260 nm was used for detection. Additional scanning was
performed using a photodiode array detector set to scan between 200 and 500 nm.
Gas Chromatographv/Mass Spectrometry fGC/M Sh Gas chromatography and
mass spectrom etry were performed a t the M ass Spectrometry Facility o f the Department
o f Chemistry, Louisiana State University. Dried extracts were dissolved in 1 ml
dichloromethane and 1 uL o f underivatized solution injected into a 0.25 mm (internal
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diameter) x 30 m (length) Restek colum n (Restek, Bellefonte, PA)containing 5% phenyl
polysiloxane. The colum n was connected to a Hewlett Packard 5890 series II gas
Chromatograph w ith a split/splitless inlet. The GC was coupled to a Hewlett Packard
5971A M ass Spectrometer, w hich included a 70 eV electron im pact ion source, a
hyperbolic quadrupole mass filter, and an electron m ultiplier detector. The carrier gas was
helium with a linear flow velocity o f 36 cm/sec, and a volum etric flow rate o f 0.206
ml/m in. The spectra obtained were analyzed and peaks identified by comparison to a Wiley
data base using a PC w ith H ewlett Packard ChemStation software.
3.3

R esults

3.3.1

Thin layer chromatography efficiency
The performance o f the TLC system utilized in the first phase o f this study is partly

reflected

in Figure 3.1. Laboratory-made silica gel H

plates developed in

chloroformrmethanol (96 +4) could not satisfactorily resolve the m aterial applied to the
plate. A generalized yellow mass covering the entire plate was evident when the plate was
examined visually. Under ultra violet illumination, groups o f material were observed with
relative ease although there was substantial spreading o f several bands leading to overlap.
Group 'A' was a m ixture o f yellow and green fluorescing substances. Group 'B' was
generally blue and could have contained aflatoxin Bt since the com was confirmed to have
been aflatoxin positive. The rem ainder o f the material was o f m ixed coloration. The use
o f ether as an initial "in situ" defatting solvent performed com parably better than the
chloroform:methanol (96 +4) m ixture. Individual bands were more com pact and well
resolved. More importantly the use o f ether provided the desired defatting effect which
made subsequent handling o f the resulting fractions easier.
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A major factor contributing to poor resolution at this stage o f the fractionation was
the nature and quantity o f the material applied to the plate. As quantity o f m aterial applied
increased, resolution into individual fractions decreased, requiring a repeat o f the same step
in the methodology. Furthermore, with efficiency compromised by a low number o f
theoretical plates attainable from laboratory made plates (with a low binder ratio), the oily
nature o f the extract increased bulk and the effect o f mass action. M igration o f individual
components o f a fraction was ultim ately negatively affected.
Despite the above drawbacks, the use o f 5% binder (as opposed to the traditional
12-13%) facilitated recovery o f m aterial from the plate. When the binder ratio was
increased to

1 0 %,

recovery was poor because o f the difficulty encountered during the

scraping o f material from the TLC plate. Figures 3.2a -3.2g reflect m ajor or suspected
active components (based on previous observations) at each fractionation stage. The actual
number o f different substances observed on the TLC chromatogram o f each fraction was
more than indicated. As the quantity o f m aterial in each fraction decreased w ith each TLC
step, both resolution and efficiency increased, resulting into an increase in the number o f
discem able

bands.

For instance,

after

developing a

plate

in

the

solvent

chloroform m ethanol :propanol (93 + 6.5 + 0.5), fraction BID (Figure 3.2b) resolved into
seven fluorescing constituents with distinct chromatographic behaviors, and to a lesser
extent, colors. On the preceding chromatogram, the whole fraction appeared as a single
broad yellow band. Figure 3.2c, therefore, only shows the predominant color bands.
Similarly, fraction B1A yielded six different sub-components.
The use o f a spray reagent (chromogen) facilitated the identification o f non
fluorescing compounds that could be responsible for observed or lost activity after some
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o f the fractionation steps. Furthermore, it showed that several components o f each original
fraction, perhaps more active than those selected for further investigation, could have been
inadvertently discarded because they were non-fluorescent.
3.3.2

Antimutagenicity o f dichloromethane extracts
A "crude dichloromethane com extract", and two o f three fractions partitioned with

chloroform:methanol (94+6) on laboratory made preparative TLC plates (silica gel H),
showed antimutagenic activity against 100 ng/plate aflatoxin Bt. In this initial trial, all the
material recovered from the TLC fractionation was reconstituted in 1 m l DMSO and used
in the test. Effectively 10% o f the material recovered from a 100 g com meal was added
to the bacterial test system. Table 3.1 shows decreased revertant numbers expressed as
percent inhibition, recorded from two separate trials. "Whole crude extract" markedly
decreased the effect o f aflatoxin B, on Salmonella typhimurium tester strain TA100. The
crude extract decreased the response o f the test bacteria to aflatoxin to a level below that
o f natural revertants. Thus the crude extract inhibited the mutagenicity o f 100 ng aflatoxin
B, by approximately 100 percent. However, since the revertant numbers were below those
o f natural revertants (i.e. negative control), it could not be ascertained whether the outcome
was an indication o f cytotoxicity. Fractions 'A' and 'B' were more antim utagenic than ‘C’
but their effects were substantially less than that o f "whole crude extract". When negative
control counts were excluded, fractions ‘A’ and ‘B’ reduced the effect o f aflatoxin B1 by
60 and 70% respectively. The third fraction CC') did not show antimutagenic activity in this
assay. When sim ilar but separately extracted fractions were serially diluted and tested
against aflatoxin Bt using the same tester strains, dose-response curves o f varying slope
inclines were obtained (Figure 3.4).
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Table 3.1 Inhibition of the mutagenic effect of 100 ng aflatoxin B/plate on Salmonella typhimurium tester strain TA100 by 50 g com
methylene chloride ‘whole crude’ extract and undiluted fractions A, B and C shown in Figure 3.1.
Test material

Total number of revertants*

Reversions in excess of
natural revertants

Percent inhibition

Natural revertants

143 ± 10

N/A

N/A

100 ng aflatoxin B,

444 ±

86

301

-

Crude extract D

131 ± 24

-1 2

104b

Fraction A

254 ±53

111

63

Fraction B

232 ± 28

89

70

Fraction C

479 ± 5

336

-11*

"Revertant numbers are means of two separate trials each with three replications.
bRevertant numbers reduced to below natural reversions (control)
"Revertant numbers above those caused by aflatoxin
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Figure 3,4. Inhibition of the mutagenic response of Salmonella typhimurium tester strains TA100 and TA98 to 100 ng aflatoxin
B1 /plate by dichloromethane com (100 g) whole crude extract and fractions A, B and C,

Overall all fractions showed antimutagen ic activity'. The extent o f inhibition o f the
effects o f aflatoxin by each fraction differed between the two tester strains. Although the
"whole crude extract" and fraction ‘B’ showed consistent inhibitory characteristics with
both tester strains, the effects o f fractions ‘A ’ and ‘C’ varied according to the tester strain.
Both fractions had steeper slopes w ith tester strain TA100 than TA98. However, these
results were not comparable to those in Table 3.1 in that, although the dose-response curves
were shallower, they displayed a level o f antimutagenic activity. This discrepancy in repeat
tests may reflect an inherent difficulty in reproducing outcomes from laboratory made
preparative TLC plates.
Alternatively the difference could be attributed to variations in extraction efficiency
between repeated extractions, a factor introduced by the characteristics o f the solvent and
ambient conditions at the time o f extraction, and not the TLC plate. It was similarly
observed that the number o f reversions induced by 100 ng o f aflatoxin B, in this assay was
higher than in the preliminary trials. The probable cause o f this variation could be an error
o f accurately estim ating the quantity o f aflatoxin B,. Overall, the results obtained in this
preliminary test suggested the occurrence o f antimutagenic activity in dichloromethane
com extracts, a feature previously demonstrated by Weng et al., (1997) and BurgosHemandez, (1998).
In the second phase o f extractions and bioassays (Figure 3.2), where ether was used
as the sole initial developing solvent, resolution between fat, yellow pigments and the rest
o f the material greatly improved. The fat component migrated much faster and partitioned
towards the upper end o f the TLC plate. This fraction attained R f values >0.78. The bulk
o f the yellow pigment component o f the extract migrated to the middle portion o f the plate.
70

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

The band was spread over a wide area (Rfs 0.15 - 0.78). The rem ainder o f the material did
not show any substantial m igratory behavior (Rfs, 0 - 0.15). M ost o f this m aterial was o f
mixed coloration when viewed under long wave ultra violet light. This system was,
therefore, used in all subsequent TLC assays. Table 3.2a shows bioassay test results
obtained horn the second extraction phase fractions. The results indicated that fractions 'A'
and 'B' were more inhibitory than fraction 'C particularly w ith tester strain TA100. Similar
to previous observations, the undiluted material from each o f these fractions inhibited
aflatoxin B, m utagenicity by 100% or more because the num ber o f reversions allowed by
each fraction were simila r to or lower than the negative control mutant numbers. Both show
a linear increase in reversion numbers with decreasing extract quantity in the test media
between the first and third extract dilution. On the other hand, undiluted fraction 'C' was
half as effective and there was no evidence o f a dose related response. By the 2-fold rule
classification and established dose-response patterns, fraction ‘C’ was effectively inactive
in the TA100 system. D ata from tester strain TA98 shown in Table 3.2b indicates that
fraction ‘C’ was o f equivalent antimutagenic activity to fractions ‘A ’ and ‘B .’ The
difference in responses may be attributed to differences in the nature o f mutations each test
organism is responsive to. These results confirmed previous observations in this study and
other reports which indicated that, the antimutagenic activity o f com dichloromethane
extracts was largely due to the fatty and yellow pigmented fractions.
Fractions 'A' and 'B' were partitioned further in different solvent systems as shown
in Figures 3.2a and 3.2b. Resulting sub-fractions, coded ‘A l \ B l \ and ‘B 2 \ were
subjected to a bioassay. Figure 3.5 shows that all sub-fractions had antim utagenic activity
satisfying the 2-fbld rule. Each sub-fraction showed a dose-related response in both test
71
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Table 3,2a Inhibition o f the mutagenic effect 100 ng/plate aflatoxin B, on Salmonella typhimurinm tester strain TA100 by methylene
chloride extract from 100 g com ,

E xtract dilution

Fraction ‘A ’

Frcation ‘B ’

Frcation ‘C ’

U V fluorescence

Green

Yellow

Mixed

10-°

126 ± 1 7

109 ± 4

275 ± 22

lO'1

122 ± 1 3

198 ± 1 5

645 ± 48

10'2

444 ± 1 3

477 ± 7

522 ± 3 1

10'3

613 ± 3 3

645 ± 10

615 ± 2 8

10*4

563 ± 1 1 4

540 ± 2 9

547 ± 9 0

lO’5

632 ± 41

487 ± 79

526 ± 12

Aflatoxin B, 100 ng/plate positive control reversions 877 ± 38
Solvent (DMSO) negative control natural revertants 126 ± 17

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

Table 3.2b Inhibition o f the mutagenic effect 100 ng/plate aflatoxin B, on Salmonella typhimurium tester strain TA98 by methylene
chloride extract from 100 g com .

E xtract dilution

Fraction ‘A ’

Frcation ‘B ’

Frcation ‘C ’

U V fluorescence

G reen

Yellow

M ixed

10-°

33 ± 3

N TC

48 ± 11

lO'*

33 ± 3

44 ± 5

119 ± 6

10-2

104 ± 1 6

123 ± 19

123 ± 10

10'3

241 ± 26

202 ± 23

135 ± 3 2

10-4

389 ± 1 5 6

169 ± 2 0

187 ± 17

10 s

137 ± 12

140 ± 12

136 ± 5

Aflatoxin B, 100 ng/plate positive control reversions 300 ± 67
Solvent (DMSO) negative control natural revertants 35 ± 4
N TC - N um erous tiny colonies
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Figure 3.S, T he effect dichlorom ethane com (100 g ) extract fractions A l, B1 and B2 on the m utagenic response o f

Salmonella typhimurium tester strains TA100 and TA98 to 100 ng aflatoxin B1 /plate.

system s but w ith varying degrees o f efficacy. Sub-fractions 'A lr and ‘B l’ demonstrated
equivalent effectiveness as antimutagens against aflatoxin whereas fraction ‘B2’ was less
inhibitory. Subsequent fractionation o f each o f these sub-fractions yielded 12 isolates. It
was realized at this stage that expression o f potency relative to fraction w eight would be
m ore m eaningful than qualitative dilutions previously employed in this study and in
previous w ork (Burgos-Hemandez, 1998). The 12 sub-fractions were therefore weighed
prior to testing for activity against 100 ng aflatoxin B t in the Ames assay. Figures 3.6 (a-d)
show results expressed as quantity o f extract per plate. The quantities shown represent an
extract from

100

g o f com.

In Figure 3.6a, the occurrence o f a probable "threshold dose" became evident from
the shape o f the curve for fraction A1A in the TA100 test system. The m utant numbers o f
tester strain TA100 resulting from aflatoxin exposure showed no substantial decline or
change between 0 to 90 fig extract/test plate o f fraction A1 A. The same extract yielded a
different pattern with tester strain TA98. In the later system, the fraction produced a linear
dose-response between 5 and 260 fig extract/plate. As earlier stated, these differences may
perhaps be indicative o f different mechanism o f inhibition or mutation induction. Among
sub-fractions from CB', the yellow colored group, only B ID showed substantial dosedependent inhibitory activity in both test systems. The efficacy o f the other three sub
fractions were much lower (Figure 3.6b) than that o f fraction B ID. Similarly, only one sub
fraction (B2C) showed qualifying activity, in term s o f this study’s established indices o f
antim utagenic classification, among isolates from fraction 'B2', the second component o f
the original yellow group. Figure 3.6c shows the effect o f B2 sub-fractions on the
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Figure 3,6a. M utagenic response o f Salmonella typhimurium tester strains TA100 and TA98 to 100 ng aflatoxin B1/plate in
th e presence o f dichlorom ethane com (100 g ) extracts fractions A1 A, A1B and B1A.
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Figure 3,6b. M utagenic response o f Salmonella typhimurium tester strains TA100 and TA98 to 100 ng aflatoxin B 1/plate in
th e presence o f dichlorom ethane corn (100 g) extract fractions B IB , B1C and B ID ,
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Figure 3,6c, M uagenic response o f Salmonella typhimurium tester strains TA100 and TA98 to 100 ng aflatoxin B1 /plate in
the presence o f dichlorom ethane com (100 g) extract fractions B2A, B2B, and B2C,

mutagenic response o f the two test systems to 100 ng/plate aflatoxin B t. In the figure, the
solid bar represents reversions caused by pure aflatoxin (positive control). The quantity o f
extract required to effect a substantial reduction in m utagenicity was well above

200

pg/plate. Compared to the solid bar (aflatoxin standard), only fraction B2C showed a level
o f activity satisfying the 2-fold rule hence requiring further investigation. Fraction B2B was
only minimally mutagenic a t the two highest doses and sub-fractions o f group ‘C’(Figure
3.6d) were ineffective and their testing was discontinued.
Data from the preceding tests was linearized by conversion to logarithms and a
linear regression was performed on those fractions showing antimutagenic activity in order
to classify them in terms o f potency. Table 3.3 shows the outcome o f the regression test.
The fractions were placed in order o f decreasing potency based on the calculated slopes.
Values in the IC 50 column were estimates read directly from the linearized plots. The
coefficient R2, though reflecting the difficulties alluded to earlier in subjecting Ames assay
data to parametric statistical computations, gives a satisfactory indication o f the nature o f
the dose-response characteristics o f the curves. Based on this classification, sub-fractions,
A1A (Figure 3.2a), B ID (Figure 3.2b), and B1A (Figure 3.2b) were selected for further
investigation. Fraction B3 (Figure 3.2 b) also showed high activity and was, therefore,
included in the group for further study.
The selected fractions were each chromatographed three tim es in three different
solvent systems (i.e. chloroform:acetone:ether, 85 + 1 2 +3; chloroform:acetone:ether, 93.5
+ 3.0 + 3.5, chloroform:ether, 96.5 + 3.5), to yield 18 distinct components. The 18 fractions
were tested for inhibitory activity against aflatoxin in the Ames assay. Results shown in
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Fig 3,6d, M utagenic response o f Salmonella typhimurium tester strains TA100 and TA98 to 100 ng aflatoxin B l/p late in
th e presence o f dichlorom ethane co m (100 g) extract fractions C l, C2 and C3.
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T able 3.3 C om parison o f th e potency o f second and third fractionation stage antimutagenic methylene chloride extracts o f com
against 100 ng/plate aflatoxin B, in the Salmonella/mcrosomul assay using tester strain TA100,

Fraction

Source

Slope'

IC jo (ug/plate)b

R2

B3

Fraction ‘B ’ Yellow

0.415

10.2

0.94

B ID

Fraction ‘B ’ Yellow

0,342

15.8

0,93

A1A

Fraction ‘A ’ fatty zone

0.313

16.1

0.79

B 1A

Fractio ‘B ’ Yellow

0.303

20.0

0,90

C2

Fraction ‘C ’

0.242

26.9

0.97

A1B

Fraction ‘A ’

0.233

39.8

0,99

'Slope and R2calculated from dose and revertant data normalized by convertsion to logarithms (dose and revertants).
bICjo read-off curves plotted from data normalized by conversion to logarithms (dose) and squares (revertants)

Tables 3.4 (a and b) are for five isolates (out o f 18 that were tested) that were found to have
inhibitory activity satisfying this study’s set indice for classification as antimutagenic
against the effects o f aflatoxin. The m utation responses in Tables 3.4 (a and b) are in
response to 50 ng aflatoxin B /p la te instead o f the previous 100 ng/plate. It became
necessary at this stage to use a sm aller amount o f the toxin because recoverable quantities
o f extracts were becoming sm aller. Fractions B3A (a sub-fraction o f B3, Figure 3.2b) and
B2C (Figure 3.2b) show ed a greater num ber o f revertants than expected from the amount
o f aflatoxin standard added. This feature was observed in several assays during this study.
There is currently no definitive explanation that could be advanced to account for this
phenomenon. It is possible that effects o f some components o f the fractions could
previously have been m asked by other substances. Elimination o f the m asking agents
through fractionation could have allowed the previously masked substances to impart a
synergistic or potentiating effect on bacterial response to the effects o f aflatoxin. Waters,
et al., (1996) reviewed several studies that reported comparable behavior by the same test
organisms. The review concluded that superoptimal concentrations o f S-9 and the presence
o f thiols and amines could account for some o f the observations. A second feature that also
occurred frequently was the reduction in numbers o f revertants a t the highest dilution.
There is no plausible explanation for this phenomenon as well.
As earlier stated, the ferric chloride/potassium ferricyanide spray reagent led to the
visualization o f fractions that, hitherto, could not be noticed and were probably left on the
TLC plates. It was realized that, despite exhaustive TLC, a number o f the isolates were still
a mixture o f two to three com pounds. W hen the five fractions from Tables 3.4 (a and b)
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Table 3.4a Antimutagenic effect o f selected third ffactionation level methylene chloride com extracts on the response o f Salmonella
typhimurium tester strains TA 100 and TA98 to 50 ng aflatoxin B,/plate.

Fraction

D ose

Bacterial response
TA 100

Aflatoxin B ,

B 3A

Revertants

% Inhibition

Revertants

% Inhibition

50 ng/plate

747 ± 2 0

-

221 ± 19

-

812 /^g/plate

393 ± 6 7

47

200 ± 3 9

10

162

488 ± 1 1 9

35

299 ± 6 1

-35

32

936 ± 1 2 2

-25

433 ± 16

-96

7

1072 ± 249

-44

309 ± 1 5

-40

273 ± 26

63

54 ± 5

76

202

661 ± 80

12

106 ± 1 4

52

40

1112 ± 79

-49

185 ± 4 3

16

8

857 ± 89

-15

195 ± 2 3

12

1008 //g/plate
B2B

TA98

Natural revertants (TA100,161 ±17; TA98, 33 ± 4)
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Table 3.4b Antimutagenic effect o f selected fourth fractionation level methylene chloride com extracts on the response o f Salmonella
typhimurium tester strains TA 100 and TA98 to 50 ng aflatoxin B,/plate.

F raction

D ose

Bacterial response
TA98

TA100

A flatoxin B,

B1D1

B1A1

B1A 2

R evertants

% Inhibition

Revertants

% Inhibition

50 ng/plate

635 ± 50

-

124 ± 14

-

292 //g/plate

209 ± 10

67

30 ± 8

76

56

453 ± 7 1

29

55 ± 1 2

56

12

453 ± 45

29

105 ± 1 0

15

1089

261 ± 28

59

41 ± 6

67

218

340 ± 2 6

46

66 ± 5

47

44

475 ± 51

25

95 ± 1 5

23

250

256 ± 3 7

60

60 ± 4

52

50

423 ± 45

33

123 ± 15

0

10

481 ± 4 9

24

110 ± 10

11

Natural revertants (TA100, 148 ±11; TA98, 31 ± 3)

were rerun on TLC with a chromogen spray step incorporated, fifteen sub-fractions o f
different chromatographic behaviors were obtained. The 15 sub-fractions were tested for
activity against aflatoxin mutagenicity. The outcome o f this testing was the identification
o f seven fractions showing more than a 45% inhibitory capacity as shown in Table 3.5
where the potency ratio o f each fraction is also shown. The potency ratio was obtained by
dividing the percent inhibition (effect) by the amount o f extract per plate (dose). The
efficacy o f the seven active fractions against mutagens other than aflatoxin was tested. The
mutagens selected were 2-Aminofuorene, a promutagen sim ilar to aflatoxin, and sodium
azide and nitro-N-nitrosoguanidine (MNNG) both direct-acting mutagens. Table 3.6 shows
the effect o f each tested com sub-fraction on the mutagenicity o f each m utagen using
Salmonella typhimurium tester strain TA100.
The results obtained in this experim ent showed an unexpected trend (Table 3.6).
Except for fraction A1A1A which demonstrated inhibitory effects against all the mutagens
tested, the remainder showed antim utagenic activity restricted to the effects o f aflatoxin
only. There was no effect observed on the other pro-mutagen, 2-am inofluorene which is
also activated by the S-9 fraction. The direct acting mutagens M NNG and sodium azide
were minim ally affected by some o f the com isolates. This feature could probably be a
result o f a combination o f factors. First, the quantities o f the fractions were quite small by
this stage and the amounts could have been below threshold levels required to show
inhibitory effects on the m utagenicity o f the toxins tested. Secondly, the mechanism o f
action o f the com isolates could be specific for certain isoforms o f cytochrom e P450 or a
specific step in the mechanism o f action o f the mutagens. For exam ple 2-AF, unlike
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Table 3.5 Classification o f antimutagenically active fractions according to their inhibition o f the effect o f 50 ng aflatoxin B ,/plate in
the Ames test using Salmonella typhimurium tester strain TA100,

Fraction

M ethod o f identification

Amount (//g/plate)

% Inhibition

Potency ratio*

B2C1

Spray

800

49

0,06

B 1D 1A

UV

81

46

0.57

A lA lb

Spray

380

59

0.15

B 1D 1B

Spray

140

22

0,16

B 1A 2A

Spray

400

54

0,14

B 1A 1B

UV

169

22

0,13

B3A1

UV

800

50

0,002

B 1A 1A

UV

300

45

0.11

•

"Calculated by dividing percent inhibition by the quantity o f extract fraction added to the test system.
bFrom Table 3.3.
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Table 3.6 D egree o f inhibition o f the mutagenic effect o f aflatoxin B, (A FB,), 2-Aminofluorene (2-AF), sodium azide (N aN 3), and
N-methyl-N’-nitro-N-notrosoguanidine (M NNG) on Salmonella typhimurium tester strain TA 100 by com dichloromethane extracts.
Fraction*

D egree o f inhibition (% )
Q uantity (/zg/plate)

AFB, (75 ng/plate)

2-AF (4 /ug/plate)

N aN 3 (//g/plate)

M N N G (800 ng/plate

B2C1

800

49

0

11

5

B 1D 1A

81

46

-

-

-

A1A1A

20

85

73

67

39

B1D1B

380

58

0

0

11

B1A 2A

399

54

0

0

21

B1A1B

799

50

0

0

12

B 1A 1A

299

45

2

0

20

T o identify source o f fraction see Figures 3.2(a-c), section 3,2,8

aflatoxin, does not form DNA adducts through an epoxide. Instead, it is activated by
cytochrome P450 A12 (as opposed to 3A4 for aflatoxin) through N-oxidation. Other
investigators who studied known antim utagens that may be different from those in the
isolates in this study, have reported observing comparable patterns o f inhibition. W arner
et al., (1991) reported that chlorophyllin consistently inhibited the mutagenic activity o f
aflatoxin but showed variable effects among direct-acting mutagens. It was reported to
have inhibited the effect o f MNNG but not ethyl methyl sulfonate and gave mixed results
with m ethyl nitroso urea. Otherwise during the performance o f this experiment, nothing
unusual was observed to suggest a source o f error. The negative controls (DMSO, 148 ±
8,

HzO, 172 ±12, EtOH, 163 ± 10, and natural revertants without solvent (163 ± 1), were

within expected and acceptable ranges. The growth patterns, color, and background growth
were also normal and pretests to confirm proper function o f the test were performed.
Furthermore, the known bactericidal effects o f sodium azide were not a factor at the levels
incorporated. It is recommended that further investigations are carried out to establish the
cause o f the observed selective activity.
3.3.3

Antimutagenic activity o f acidified m ethanol extract
Acidified methanol extracts were investigated in a manner different from the

dichloromethane fractions. M ethanol extraction was deliberately targeted at specific
flavonols and polyphenols. Therefore, after the initial fractionation (Figure 3.3), the search
was narrowed to fractions that appeared to encompass the compound(s) o f interest. This
objective was achieved by comparing the performance o f extracts in the bacterial test
system and/or their behavior on TLC plates to analytical grade compounds purchased from
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Sigma. Fractionation o f crude extracts in chIoroform:methanol:2-propanol (93 + 6.5 + 0.
5) yielded several yellow bands, most appearing sim ilar to those observed in the methylene
chloride fraction. Upon spraying with the ferric chloride/potassium ferricyanide reagent,
the lower half o f the TLC plate contained bands with characteristics sim ilar to chlorogenic
and ferulic acids. This was the portion that was selected and subdivided for bioassay
testing and further fractionation.
Figure 3.7 shows the performance o f acidified methanol extracts as antimutagens
in the Salmonella/xmcTosomai mutagenicity test. Overall the unhydrolyzed fraction
MEA2A showed a higher antimutagenic potency than the acid-hydrolyzed fraction
(MEA1A). Fraction MEA2A produced linear dose dependent changes in revertant numbers
in both test system s (i.e. tester strains TA100 and TA98). Fraction MEA1A (acidhydrolyzed) showed a similar pattern w ith tester strain TA98 but not w ith TA100. In the
TA100 test system , fraction MEA1A ‘s antim utagenic activity was lim ited to between
whole extract and the second dilution (x 25). Below the second dilution, fraction MEA1A
was effectively inactive indicating that much higher quantities than those o f MEA2A were
required to produce similar effects. However, both fractions satisfied the 2-fold rule and
conformed to a dose-response pattern within their respective antimutagenic activity ranges.
Each o f fractions MEA1A, MEA2A and MEB1 (viscous fraction) were chromatographed
4 tim es using the same developing solvent above. Each step yielded m aterial o f better
resolution than the preceding fraction.
After the fourth run, fraction MEA1A had multiple yellow bands in addition to two
bands at Rfs 0.07 and 0.25 which turned blue upon spraying w ith the ferric
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TA100

vo

o

25
Extract dilution
□ MEA1 ■ MEA2 □ MEB1 0 MEA1A

Natural rcveitants (TA100,166 ±11; TA98,27 ± 9)
100 ng/plate aflatoxin (TA100,1392 ± 24; TA98,311 ± 12)

Figure 3,7. The effect o f co m acidified methanol extracts on the mutagenic response o f Salmonella typhimurium tester strains
TA 100 and TA98 to 100 ng/plate aflatoxin B l,

chloride/ferrocyanide reagent. The R f 0.25 band was absent in fractions MEA2A and
MEB1. W hen sprayed w ith the ferric chloride/ferrocyanide spray, fraction MEA2A
showed a broad blue band at R f 0.1 which was absent in the other two fractions. In
chloroform:methanol:ethenformic acid (85 + 11.5 +2 +1.5) the R f 0.25 band from fraction
MEA1A had an R f value (0.20 - 0.30) sim ilar to the previous solvent except that it
appeared more spread. The rest o f the bands were m ostly yellow to deep yellow w ith R f
values o f 0.40 to 0.67. Sub-fractions o f M E A2A and MEB1 were poorly resolved in this
solvent system. The developing solvent was changed to chloroformracetic acidrwater (85
+ 25 + 15). In this system, resolution was enhanced although some material from MEA2A
could still be detected at the point o f origin. No such substances were detected at the point
o f origin o f fraction MEA1 A. Since standard chlorogenic acid barely migrated (Rf, 0.03)
in this system, all material remaining at the point o f application was assumed to possibly
contain chlorogenic acid and was hence retained for further fractionation. There were still
m ultiple bands with characteristics o f feruli acid in the R f range 0.45 - 0.60 on plates
developed in butanolracetic acidrwater (60+25+15). M aterial from MEB1 was poorly
resolved in the second solvent system and was therefore abandoned at this juncture. The
remainder o f the fractions were then developed in butanolracetic acidrwater (60 + 25 + 15),
a solvent system o f very high polarity. M ost o f the m aterial m igrated to the solvent front
except for a visually dull green band from MEA2A with an R f o f 0.5 - 0.78. A chlorogenic
acid standard spot had an R f o f 0.80. The dull green streak was scraped and tentatively
classified as "suspect chlorogenic acid".
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Ia the solvent systems employed in this study, and when reacted w ith the
ferrocyanide chromogen, pure analytical grade ferulic acid showed migration characteristics
similar to vanillic and syringic acids, h i an attempt to distinguish ferulic acid from syringic

and vanillic acids, use was made o f their variable color spectra. On TLC and under visible
light ferulic acid had a faint yellow fluorescence but not syringic and/or vanillic acids.
Under long wave ultra violet light syringic acid did not fluoresce, but appeared a dull
purple absorbing spot, ferulic acid fluoresced blue while vanillic acid appeared dull light
yellow. Upon spraying w ith the ferric chloride/ferrocyanide solution, all developed blue
coloration. A t very high concentrations syringic acid turned deep purple blue. Since
chromogen spray was the most effective m ethod o f locating positions o f compounds, and
due to sim ilar m igration patterns (R f values), it was realized that the TLC system was not
sufficient to resolve and distinguish the three phenolics if they occurred together in the
methanolic com extracts.
It was however observed that chlorogenic acid had distinctly different TLC
m igration patterns from that o f ferulic acid and/or other polyphenols that were available.
Based on the development patterns shown in Table 3.7, two o f four fractions were
tentatively classified as “ferulic acid and /or vanillic or syringic acids” (from hydrolysed
MEA1) and “chlorogenic acid” (from MEA2A).
3.3.4 Identification o f isolates by mass spectrom etry and high pressure liquid
chromatography.
Eight antimutagenically active isolates were selected for chemical characterization.
Dichloromethane fractions A1A1A (Figure 3.2a), B1A1A (Figure 3.2e) B1D1A and
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Table 3,7 Thin layer chrom atographic classification o f active principles in fractions o f acidified methanol extracts o f
com bined co m residues from dichloromethane extractions.

Fraction/C om pound

Solvent I

Solvent II

Solvent III

Solvent IV

M EA 1A

0.2 - 0.4

0.2

0.5

1.0

Ferulic acid

0 .2 - 0 .5

0,2

0.5

1.0

M E A2A

0.0

0,0

0,0

0.8

Chlorogenic acid

0.0

0.0

0,0

0.8

M EA 1A - Hydrolyzed yellow fraction from Figure 3,3, section 3.2,11
M EA 2A - Unhydrolyzed yellow fraction from Figure 3,3, section 3,2,11

B1D3B (Figure 3.2c), B1A1B and B1A1A (Figure 3.2e) and m ethanolic com extract
fractions MEA1A and MEA2A (Figure 3.3) were submitted to the Louisiana State
University Chemistry Department Mass Spectrometry Facility for determ ination o f mass
and initial identification. The fractions were analyzed by GC/MS and their m ass spectra
compared to spectra o f known compounds in the W iley data base.
Figures 3.8 (a-d) show results for fraction A1A1A (derived from Figure 3.2a). As
shown in the gas chromatogram in Figure 3.8a, the fraction had a m ajor peak at 18.48
minutes and several minor peaks. O f the smaller peaks, only the peak that eluted at 11.07
minutes had it mass estimated. Figures 3.8 (b and c) show the mass spectra o f the major
peak o f fraction A1A1 A. In each figure, the upper panel is the spectrum o f the fraction
peak whereas the lower spectrum is the approximate matching spectrum from the Wiley
data base. The spectrum o f the major peak shows a parent ion (molecular ion) a t m /z = 264
and and major fragments at 223, 222, 178, 149, 117, 95, 67, and 55. This spectrum
macthed that o f 9,17-octadecadienal (97%, Figure 3.8b) and 9,12-octadecadienal (93%,
Figure 3.8c). acid 9,17-octadecadienal and 9,12-octadecadienal are structural isom ers of
linoleic acid (9,12-octadecanoic acid). Since the spectra were comparable to a high degree
o f matching a tentative conclusion o f similarity was drawn. The major com ponent o f the
fraction, it was concluded, consisted o f one or both o f the isomers o f the fatty acid linoleic
acid. Figure 3,8d shows the spectrum o f the minor peak o f fraction A1A1A that eluted at
11.07 minutes. The spectrum shows a parent ion m/z at 221 and major fragments 193,165,
137, 111,91, and 57. The lower panel o f the figure shows the W iley data base matching
spectrum o f 4-methoxy-91,1 -dimethylethyl)-phenol which had a 78% agreem ent with the
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Figure 3,8a, G as chrom atogram o f dichloromethane com extract fraction A 1A 1A 1,
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Figure 3,8b. M ass spectrum o f the major peak (18,45 min) o f dichloromethane corn extract fraction A1A1A1 (top)
and m atching Wiley data base spectrum o f 9,17-octadecadienal (bottom )
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Figure 3,8c, M ass spectrum o f the major peak (18,4 min) o f dichloromethane corn extract fraction A1A1A1 (top) nd matching
spectrum o f 9,12- octadecadienal (bottom ) from the Wiley data base.
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F igure3.8d, M ass spectrum o f th e minor peak (11,1 min) o f fraction A 1A 1A 1 (to p ) and matching spectrum o f 1,1-dimethyl
ethyl-4-methoxy phenol (bottom ) from the Wiley data base,

fraction spectrum . The m inor component could not therefore be identified to a sim ilar
degree o f confidence. It was probably a fragment o f a higher molecular weight compound.
Figure 3.9 shows the mass spectra o f the m ain component o f fraction B1A1A
(upper panel) and the matching spectrum from the W iley data base (lower panel). The
spectra had 91% sim ilarity indicating that it was highly likey that the m ajor gas
chromatography isolate from the fraction was or was closely similar to bis (2 -ethylhexyl)1 ,2 -benzodicarboxyIic

acid, a phthalate plasticizer. Repeat extractions in which no plastic

ware was used, confirmed that the phthalate was not a component o f com but a contaminant
probably leached from vial caps lined w ith plastic. Aswitch to the use o f alum inumlined
caps was made although it was probably belated as m ost o f the fractionation, including that
for cottonseed had been done.
Figures 3.10 (a and b) show results o f the analysis o f fraction MEA1A. Figure
3.10a shows the gas chromatogram o f the extract with two peaks at 9.8 and 13.7 minutes.
The peak at 13.7 m inutes was comparable (elution time) to that o f pure analytical grade
ferulic acid. The mass spectra in Figure 3 .10b shows the spectrum o f the the extract (upper
panel) and a matching spectrum o f 4-hydroxy-3 -methoxy cinnamic acid.from the W iley
data base. Both spectra showd parent ions at m /z 194 and major fragments at m/z 179, 133,
89 and 77. It was, therefore, concluded that the 13.7 minutes peak o f the extract was
4. hydroxy-3 -methoxy cinnamic acid (ferulic acid). When analytical grade syringic and
vanillic acids were analyzed under sim ilar conditions, syringic acid eluted at 13.4 minutes
and yielded a base peak was 198 while the base peak for vanillic acid was at 168. This
further showed that the m ajor constituent o f fraction MEA1A was neither syringic acid nor
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Figure 3.9. M ass spectra o f the major com ponent o f corn dichloromethane extract fraction B1A 1A from Figure 3,2e (top)
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of fraction MEA1A from an acidified methanolic extract of corn residue.

CM

Figure 3 ,10a, Gas chromatogram
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Figure 3 , 10b, M ass spectrum o f main peak (13,8 min) o f corn methanolic extract fraction M EA1A (top) and m atching
spectrum from the Wiley data base (bottom ),

vanillic acid and was therefore tentatively identified as ferulic acid. It should be mentioned
that the three polyphenols, ferulic, vannilic and syringic acids display close sim ilarity on
TLC and high pressure liquid chromatographic elution.
The spectra o f fractions B1D1A, B ID 3B, B1A1B and B1A1A did not have highly
m atching spectra in the available W iley data base. However, the m ajor peaks for each
fraction had mass ratios o f 324,387,180 and 398 respectively. The m ajor constituent o f
fraction B1A1B could not be positively identified to a high degree o f confidence (>80%
sim ilarity w ith a known compound in the data base) but its m ass spectrum was generally
similar to that o f a substituted bicyclohexan-2-one. The component o f fraction B1D1A with
w ith a mass ratio o f 324 had a base peak sim ilar to that o f oxocannabinol although the
match was not good. Follow-up identification was not made.
Fraction MEA2A did not yield any observable peaks when injected into the gas
chromatography system. It was concluded that GC/MS was not suitable for this fraction
and was therefore analyzed by high pressure liquid chromatography. Figures 3.11 (a and
b) show the results o f HPLC and photodiode array UV spectra for fraction ME A2A. The
fraction produced a major peak at 6 . 8 minutes and two smaller peaks at 5.4 and 2.5 minutes
using methanol as the mobile solvent (Figure 3.1 la). Analytical grade chlorogenic acid
produced a single peak at 6 . 8 minutes. To confirm the suspected occurrence o f chlorogenic
acid in fraction MEA2A, it was subjected to a UV photodiode array scan shown in Figure
3.11b. The UV absorption maxima for the com fraction and that o f pure chlorogenic acid
were sim ilar. Both had absorption m axim a at 219.5 , 243.0 and 219.5 nm. The fitting
spectra adduced further evidence that the extract was or contained
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from Figure 3.3
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Figure 3 ,11a. HPLC elution pattern of methanolic corn extract MEA1A
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Figure 3,1 lb. Photodiode array U V Absorption spectrum o f corn residue acidified methanol extract fraction M E A2A,
A bsorption maxima similar to analytical grade chlorogenic acid.

chlorogenic acid. Figure 3.12 shows the chem ical structures o f com pounds tentatively
identified as isolated from some o f the antimutagenically active fractions o f dichlorometane
and m ethanol extracts o f com.
3.4

Discussion
Consumption o f whole grain products has been shown to reduce the risk o f chronic

diseases such as cancer (Andreasen et al., 1999). The majority o f the beneficial components
in grain are situated in the bran which includes the pericarp and the aleurone layer. Other
beneficial constituents like fatty acids tend to accumulate in the germ . C om bran, one o f
the by-products o f the maize industry is com prised o f heteroxylan (arabinose and xylose)
(50%), cellulose (22%) and phenolic acids (ferulic acid linked to polysacchairides) (-5% )
(Saulnier and Thibault, 1999). Results obtained in this study have shown that yellow dent
com contains several compounds that are capable o f m inim izing the deleterious effects o f
aflatoxin B,. Six dichloromethane extracts and two acidified methanol extracts were shown
to possess the capacity to reduce the mutagenic effects o f aflatoxin. Only three o f the eight
fractions have had their contents identified to a satisfactory level: A l A l A (linoleic acid
isomers), MEA1A (ferulic acid), and MEA2A (chlorogenic acid). The m inor component
o f fraction A1A1A was partially identified as a 1,1-dimethyl m ethoxy phenol m oeity.
The identification o f the m inor component o f fraction A l A l A and th at o f fraction
B1A1B (1,5-bis (l,l-diem thylethyl)-3,3-dim ethyl bicyclohexan-2-one) was considered
probable owing to lack o f analytical grade material for comparison. Three other active com
extract fractions could not be chem ically identified. The isolation o f active fractions in
com in this study was solely performed by thin layer chromatography, a sim ple, versatile
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Fatty acids: Linoleic acid derivatives: (a) 9,12-Octadecadienal,
(b)9,17- Octadecadienal

?

C—OH

Ferulic acid
OH
Chlorogenic acid

1,1- (Dimethyl) methoxy phenol?

1,2-Benzene dicarboxylic acid, bis (2-ethyl) ester
(Fraction B1 A l A l) contaminant from vial caps.

Figure 312. Chemical structures and common names o f com isolates

107

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

and inexpensive procedure that is widely applied in natural products chem istry (Cannell,
1998). Thin layer chromatography has been applied in the isolation o f marine products and
phytochemicals (Cannell, 1998), vitam ins (Fried and Sherm a,.1999).and fungal toxins
(Herlich,1990),
Although less efficient in its ordinary form, due to a lesser number o f theoretical
plates, modifications in the form o f two-dimensional TLC (Guiochon, 1996) have been
shown to increase the efficiency o f thin layer chromatography. In this study variations
were made from the traditional preparation o f TLC plates in order to maximize efficiency.
The amount o f binder used was reduced from 13 to 5%, a binder level sufficient for
minimal binding o f silica gel to the glass plate but not low enough to allow the gel to fall
o ff the plate during development. Furthermore separation o f large amounts o f crude
methylene chloride extracts o f com was more efficient at the 5% level than at 10% or 13%.
The extent o f partitioning was enhanced by varying solvent system composition.
Among the compounds tentatively identified from com fractions, linoleic acid is
the m ost widely studied regarding antimutagenesis (Aikawa, 1998; Weng et aL, 1997,
Burgos-Hemandez, 1998, Chen et al., 1997, and Kawasaki et al., 1998). All studies
conducted to date attest to the potency o f linoleic acid as an antioxidant and antimutagen.
In this study, the linoleic acid fraction was one o f the most persistently antimutagenic. The
mass spectrum for the fraction showed that the extract predominantly contained a linoleiyl
aldehyde (either in the form 9,12-octadecadienal o r its geometric and positional isomer
9,17-octadecadienal). A possible explanation for the spectrum could be that linoleic acid
was enzymatically converted to the aldehyde as shown by Kawasaki et al., (1998). The
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occurrence o f linoleiyl aldehyde in the extract was not anticipated since neither linoleiyl
aldehyde nor linoleic acid flouresce under ultra violet light. U ltra violet fluorescence was
the guiding fractionation tool during most o f the study. The fraction shown to contain
linoleic acid, also contained bright green fluorescing m aterial that was assumed to be the
active component and was hence the fractionation marker.
There has been increasing interest in dietary conjugated linoleic acids (CLA) as a
protective agent against the form ation o f free radicals in vivo. Conjugated linoleic acid is
a term used to describe a group o f positional and geometric isomers o f linoleic acid in
which the two double bonds are conjugated instead o f being m ethylene-interrupted. The
isomers, predom inantly found in meat and dairy products, are known to be strong
anticarcinogens in a number o f animal models because o f their antioxidant properties (Chen
et al., 1997). In addition to antioxidant properties, the chem opreventative activity o f
linoleic acid and related free fatty acids is due to their capacity to com plex, dilute and/or
deactivate mutagens by chemical reactions or enzyme catalyzed reactions (de Flora, 1998).
Through cyclooxygenase catalysis, linoleic acid can be converted to eicosapentaenoic acid
and then to prostaglandin G3. It may also become a precursor o f dihomo-y-linolenic acid,
w hich is converted to either prostaglandin G1 or arachidonic acid (Ho et al., 1992).
Arachdonic acid has been show n to inhibit the o f several carcinogens including aflatoxin
into the liver. It has also been reported, however, that cyclooxygenase m ay catalyze the
bioactivation o f aflatoxin. Recent studies on the metabolism o f chemical carcinogens and
on their DNA-binding and tumorigenesis have suggested the importance o f the
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prostaglandin biosynthetic system as w ell as the NADPH-dependent cytochrome P450

system in carcinogenic activation (Nemoto and Takayama, 1984).
The other compounds identified from com fractions in this study were
polyphenolics. In all tissues o f monocotlyedons such as cereals and grasses, p-coumaric
acid and ferulic acid are associated with heteroxylans (Saulnier and Thibault, 1999),where
they are important for the functioning o f the cell walls as well as its structure. In addition
to shape and cell wall integrity, ferulyl esters participate in defense against pathogen
ingress. They protect grains against pathogenic fungi, maize weevils and grain borer(Sen
et al., 1994). In this study, ferulic and chlorogenic acids were identified as occurring in two
separate and active fractions. Ferulic acid is a hydroxycinnamate distributed throughout
the primary and secondary cell wall (Faulds and W illiamson, 1999). Polyphenolic
biological properties, particularly, the antioxidant activity o f plant hydrocinnamic acids
such as ferulic and chlorogenic acids, has been reviewed by Kroon and Williamson, (1999).
Ferulic acid either as a free acid (Graf, 1992) or diferulate (Garcia-Conesa et al., 1999) has
been shown to inhibit oxidation. Furthermore, ferulic and caffeic acids were shown to be
potentially protective against photooxidative skin damage caused by UV light(Saija et al.,
1999). The observation in this study that the hydrolyzed fraction was less antimutagenic
is supported by Garcia-Conesa et al., (1999) who found that, on a m olar basis 8 , 8 diferulic
acid was a better inhibitor o f peroxidation than the free ferulic acid. They also hypothesized
that, the lower number o f free hydroxyl groups affects stability o f transient radicals and
partition coefficients. They demonstrated that the log P (i.e., partition) o f ionizable
compounds changed with pH. Partition into and across the membrane is efficient when the
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pH o f the medium is below the pK aoftheionizable compound so that it is present mainly
in the non-dissociated form. The pKa o f carboxy lie acids o f hydroxycinnamic acids is in
the range 4-5. The pH o f the Ames test media is 7.4. Under these conditions, the compound
is dissociated diminishing its partition into the lipid (membrane) phase. In the octanol/water
test, these authors found the log P for ferulic acid to be 0.25 at pH 7.0. h i this study, acid
digestion probably hydrolyzed the esters releasing the free acid and consequently leading
to the reduction in activity.
Chlorogenic acid (an ester o f caffeic, quinic and ferulic acids) is one o f a family o f
esters form ed between cinnamic acid and quinic acid. The most widely occurring
monoester being 5-O-caffeoyI-quinic acid, but may also occur as coumaroylquinic acid, and
feruloylquinic acid (Clifford, 1999). Coffee is the richest dietary source but has also been
isolated from green and black tea, cocoa, pome fruits (apples and pears), stone fruits,
berries, citrus, grapes, brassica, spinach, potato, celery, legumes, and cereals. It appears that
the chlorogenic acid isolated in this study is the m onoester o f feruloylquinic acid.
The antimutagenic activity o f chlorogenic acid has been documented by other
workers. Cho et a l, (1996), showed that chlorogenic acid reduced by 40% the incidence
o f frame shift mutations in Salmonella typhimurium tester strain TA100. The same
investigators reported that chlorogenic acid, when incubated together w ith 2-amino-3methylimidazo (4,5-f) quinoline, diminished the binding o f the mutagen to DNA.
Furthermore, the interaction o f o f chlorogenic acid with other electrophilic species such as
styrene oxide, aflatoxin B 1-8,9-epoxide, benzo(a)-pyrene-7,8-dihydrodiol-9,10-epoxide,
and vinyl carbamate epoxide' has been documented (Sen et al., 1994). In this study the
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extracts that were eventually identified as containing ferulic and chlorogenic acids,
respectively, consistently show ed a reduction o f the m utagenicity o f aflatoxin

The

extent o f reduction was dependent upon the dose and type o f polyphenol. Chlorogenic acid
was a much less effective antim utagen than ferulic acid. The biggest protective role
polyphenolics play in living tissue is antioxidation. Recently ferulic acid (Siaja et al., 1999)
and anthocyanins (Stapleton and W albot 1994) have been show n to be potentially
protective against photooxidative skin damage.
The antimutagenesis o f polyphenols is therefore largely due to their ability to
effectively and efficiently scavenge reactive oxygen species and other radicals from the
environment. In so doing they neutralize the potential mutagen blocking its binding to
macromolecules. Their oxygen scavenging activity may reduce available oxygen for the
form ation o f epoxides. In this way they could inhibit the endogenous activation o f
mutagens and carcinogens. Results from testing pure polyphenols, and those o f com
extracts, showed antimutagenic activity only against pro-mutagens (AFB, and 2-AF) but
not direct acting mutagens (MNNG and sodium azide). This m echanistic aspect has been
demonstrated in this study.
The observations in this study are comparable to those o f other investigators .
M asuda et al., (1999); and N atella et al., (1999) observed that the antioxidant activity of
phenolic acids was reasonably related to their structure, namely, the substitutions on the
aromatic ring and the structure o f the side chain. The form ation o f a resonance-stabilized
phenoxyl radical is strengthened by the presence o f a second hydroxy group through the
form ation o f an intram olecular hydrogen bond. N atella et al., (1999) also observed that
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cinnamic acids were more efficient than their benzoic counterparts, a feature related to

hydroxyl groups. As for the influence o f the aromatic substitution, the antioxidant activity
was shown to increase in the sequence p-hydroxy<p-hydroxymethoxy<dihydroxy<phydroxydimethoxy. The double bond o f propenoic derivatives and the increase o f methoxy
groups or the catechol structure, probably further stabilizing the phenoxyl radical,
substantially increased the antioxidant activity. O ther characteristics that enhance the
potency o f phenolics as antioxidants have been advanced (de M eija, et alL, 1998). The
hydroxyl group may not be the only factor in determ ining the potency o f their activities.
In the case o f ferulic acid, there is a single hydroxyl group para-substituted on an aromatic
ring that is connected to a highly conjugated side chain. This para-substitution allows the
phenoxy radical o f ferulic acid to be delocalized across the entire molecule and therefore
stabilized. An ortho substitution with the electron donor methoxy group further increases
the stability o f the phenoxy radical and therefore increases its antioxidative efficiency .The
presence o f a second hydroxyl group in the ortho o r para position would increase
antioxidative activity due to additional resonance stabilization and o-quinone or p-quinone
formation. This could explain the fact that the antioxidative efficiency o f caffeic acid is
greater than that o f ferulic acid. Finally, the identification o f isolates could have been more
definitive if NM R data been available. In its absnece, the identification was based on thin
layer chrom atographic patterns, mass spectra and UV absorption maxima sim ilarities.
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CHAPTER 4. ISOLATION AND CHARACTERIZATION OF
ANTIMUTAGENIC COMPOUNDS FROM COTTONSEED
4.1

Introduction
Five m illenia ago early farming societies in the Americas selected, domesticated

and improved two local species o f cotton: Gossypium hirsutum and Gossypium barbadense
(Vreeland, 1999). As the Americas were pried open by European societies, demand for G.
barbadense, the colored cotton species declined but G. hirsutum flourished, and is today
the carrier o f the trade mark-cotton. The global cotton production stood at 20 million
metric tons in 1998, most o f it from China, the United States, India and Pakistan (FAOstat,
1998). In 1998, Louisiana produced 630,000 bales o f cotton w ith a gross farm value o f
$242 m illion (including cottonseed, LCES, 1998). Cotton is prim arily grow n for its fiber
but oil and meal can also be produced from the seed. Cottonseed will yield about 16%
crude oil, 45% meal and 26% hulls (Cherry, 1983). Oil and m eal account for 90% o f the
total income from cottonseed products. Whole cottonseed is commonly fed to dairy cows
as a source o f energy, protein, and fiber. Cottonseed is, therefore, im portant to the
agricultural industry.
Cotton plants are substrates o f toxigenic fungi that produce aflatoxin in the seed
pod. Once the toxin has been produced and accumulates beyond a certain maximum
allowable level, the value o f the commodity often falls sharply. The decline in value is
based on the assumption, (or perhaps knowledge) that the presence o f aflatoxin in the seed
will result in a toxic response to the consumer o f cottonseed meal. Indeed, tested outside
their native matrix, aflatoxins are potent toxicants and carcinogens (Park e t al., 1988). In
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recent years, however, evidence has slowly been showing the effect o f the cottonseed
matrix in m itigating the toxicity o f aflatoxins. Several researchers have observed reduced
mutagenicity in the Ames assay when aflatoxin contaminated cottonseed meal is compared
to pure aflatoxin in a clear medium like water or DMSO (Park, et al., 1984, Haworth, et al.,
1989). The cause o f the reduction in toxicity could be ascribed to intrinsic components o f
the substrate-cottonseed. It is these constituents that this study was set to isolate and
identify through a boiassay-directed fractionation.
4.2

M ateriab an d m ethods

4.2.1

C hem icals
Acetic acid, ampicillin, D-biotin, magnesium sulphate, sodium ammonium

phosphate, L-histidne, tetracycline, sodium dihydrogen phosphate, P-nicotianmide adenine
dinucleotide phosphate (sodium salt), anhydrous sodium sulfate, lead acetate, calcium
sulfate, silica gel (G and H for thin layer chrom atography), silica gel G 60 (for column
chromatography), glucose-6 -phosphate, citric acid monhydrate, glucose, potassium
phophate dibasic (anhydrous), magnesium chloride, disodium hydrogen phosphate,
gossypol, quercetin, kaempferol, celite, sodium chloride and potassium chloride were
purchased from Sigma Chemical Company (St. Louis, MO). Chloroform, methylene
chloride, acetonitrile, acetone, ethanol, methanol, dim ethyl sulfoxide, hexane, anydrous
ethyl ether, and HPLC grade water (M allinckrodt Baker, Inc.;Paris, KT). Bacto agar and
crystal violet (Difco Laboratories, Detroit, MI). O xoid nutrient broth No. 2 from Unipath
LTD (Basingstoke, Hampshire, England). R at liver post-m itochondrial supernatant (S9
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mix) was purchased from M olecular Toxicology Inc., (Boone, NC). Aflatoxin standards
were donated by Dr. M.W. Trucksess, Food and Drug Adminstration, W ashington, D.C.
4.2.2

Cottonseed
Cottonseed, naturally contaminated w ith aflatoxin, was generously donated by Dr.

J. Ellis, Texas O ffice o f State Chemist and was stored at 4 °C until use.
4.2.3

Bacterial tester strains
The Salmonella typhimurium LT2 mutants TA100 (hisG46 / rfa/A uvrB / pKMlOT)

and TA98 (hisD 3052/ rfa / AuvrB / pK M lO l) were used. Strains TAIOO and TA98 detect
base-pair substitution mutations and fram e-shift mutations, respectively. These tester
strains were obtained directly from Dr. Bruce Ames and were checked at regular intervals
for genotypic stability. They were stored DMSO-protected as frozen permanents at -80 °C
in 2 m l portions. Organisms for everyday use were obtained from colonies subcultured on
am picillin-treated m inim al glucose agar m aster plates. M aster plates were made from
frozen perm anents every 14 days.
4.2.4

The Salmonella/microsomal m utagenicity assay (Ames test)
The antim utagenicity o f com extracts was tested using the standard plate

incoporation Salmonella/microsomal m utagenicity (Ames) assay as described by Maron
and Ames (1983). W orking in a laminar flow hood disinfected w ith 75% alcohol, a single
colony was aseptically picked from an ampicillin master plate and placed in 50 ml o f sterile
nutrient broth in an Erlenmeyer flask. The flask was lightly capped to allow airflow and
placed in a gyratory waterbath, set at 200-250 rpm and 37 °C, for 12 hours. After
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incubation, growth was confirmed by checking the turbidity using a spectrophotometer
(Spectronic 20D, Spectronic Instrum ents, Rochester, NY) at 600 nm. Sterile Oxoid broth
No.2 was used as a blank. Absorbance readings in the range o f 0.75 - 0.85 indicated an
optimal cell density o f 1-2 x 109 bacterial cells/ml. With experience, such a cell level could
be estim ated by placing the index finger behind the flask. If the finger was not clearly
visible from the other side w hile looking through the broth, the cell count would be
approxim ately in the correct range. It was important to prepare the S-9 m ix ju st before
commencement o f the test. All apparatus and solutions used were sterilized and all
operations conducted under a lam inar flow hood. It is recommended that, where possible
the glucose-6 -phosphate and NADP solutions are filtered through a sterile micropore filter
before addition to the S-9 mixture. The reason for this step in the procedure is that the two
substances cannot withstand autoclave temperatures. Where sterile filtration is not possible
but an autoclave is available, G-6 -P and NADP should be aseptically weighed into a
previously sterilized container and then dissolved in sterile HPLC water.
Before preparation o f the S-9 mix, dried cottonseed extracts w ere reconstituted in
dimethyl sulfoxide (DMSO) in 4 ml amber vials and diluted (0 ,5 ,2 5 , 125, and 625 times).
Each dilution was spiked with 100 ng aflatoxin Bt. The S-9 mix components were mixed
in a specific order as follows: First, rat liver was added to a sterile Erlenmeyer flask
previously chilled on ice. This was follow ed by the addition o f the buffer, salt solution,
glucose-6 -phosphate, NADP, and finally sterile water in that order. During the assay the
S-9 mix was kept on ice. One hundred microliters o f the extract-trm'n m ixture was added
to 2 ml o f 0.05 mM L-histidine-0.05 mM D-biotin molten top agar in a 13 x 100 cm test
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tube. One hundred micro liters o f the tester bacterial strain was then added to the test tube
followed by 500 pL o f S9 m ix [8 mM MgCl2, 33 mM KC1,5 mM glucose-6 -phosphate, 4
mM NADP, 100 mM phosphate buffer (pH 7.4)]. The m ixture was gently swirled and
poured onto a minimal glucose agar plate. For the mutant counts at least three plates were
used for each strain and dose level. A n equal number o f plates containing the solvent
minus the test substance comprised the negative controls. Similarly, positive controls had
three plates per strain. Furthermore, a standard curve for aflatoxin Bt involving at least
four dose levels and three plates per dose and strain was made w ith each test.

In

experiments w ithout the S9 mix, a m ixture o f all other constituents o f the S9 mix, except
rat liver, was used. The plates were incubated at 37 °C for 48 hours. The number o f
revertant colonies were manually counted using a Bactrovic Colony Counter (Model C-l 1 0 ,
New Brunswick Scientific Co., New Brunswick, NJ).
The num ber o f revertants on plates containing the extract were averaged and
compared to those on positive and negative control plates. A 2-fold reduction in the
number o f revertants on extract-spiked plates relative to those induced by aflatoxin B,
positive control plates and a notable dose-response relationship were considered indications
o f antim utagenic activity by an extract. Antimutagenicity was expressed as a percentage
o f m utagenicity inhibition following the formula: % inhibition = 100 - [Xt/X 2(100)],
where X! = number o f revertants per plate in the presence o f extract; X 2 = number o f
revertants per plate in the absence o f extract. Slope values were used to calculate potency.
The toxicity o f a substance was assessed as gross appraisal o f the lack o f background
growth on m utant plates. In addition, a marked and dose dependent reduction in the
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num ber o f revertants w ith increasing substance concentration in the absence o f mutagen
was also considered an indication o f toxicity. Furthermore, m arked reductions in revertant
numbers below natural reversion counts would warrant re-exam ination o f the compound
in relation to toxicity. Any substances displaying all or some o f the above characteristics
were retested prior to being classified as antimutagenic.
4.2.5

Statistical analysis
The popularity o f the Ames assay within genetic toxicology, and some of the

unusual features o f the data, have drawn the attention o f statisticians. The Ames assay data
is often overdispersed (i.e. the variance is greater than the mean) and the dose-response
curve is often not monotonically increasing. Kim and Margolin, (1999) reviewed statistical
methods employed for the analysis o f Ames assay data. They found that 40% o f the time
the 2 -fold rule is applied compared to 2 0 % for slope o f the initial linear region and

11 %

of

researchers employ the ordinary least squares method (a sim plified version o f linear
regression analysis). Only nine percent o f studies exam ined used biologically based
mechanistic models. An obvious reason for the bias in statistical procedure selection is that
the sam pling distribution o f the number o f revertant colonies in the Ames assay may
assume any o f the following forms: Poisson, generalized Poisson, negative binomial or
even an unspecified distribution. W ith an uncertain distribution, the choice o f a statistical
procedure is difficult. Computer simulations showed that when the 2-fold rule was coupled
to a verifiable dose- response relationship, it was sufficient for derivation o f inferences
from data with large numbers o f natural revertants. Similarly, Cariello and Piegosch (1996)
addressed the probability o f observing a false doubling in num ber o f colonies. They found
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that when. p. for spontaneous revertant counts was not less than
induced a conservative^ decision.

10,

the two fold rule

Furthermore, the International Workshop on the

Standardization o f Genotoxicity Test Procedures universally agreed that 5 doses o f test
compound should be used at three plates per dose. It was deemed unnecessary to perform
repeat tests for negative assays. Although there was general agreement that statistical
analysis can often be a useful tool when evaluating results, it was felt that such analysis
should not be mandatory. Instead good scientific judgem ent was emphasized. In this
study, the two-fold rule coupled with an examination o f the dose-response characteristics
was generally employed to assess the hypothesis test Ho: p t = 0 and Ha: P, > 0. Where
necessary, particularly when comparing slopes for potency, a linear regression analy sis
was performed to compare data transformed for linearity.
4.2.6

Preparation o f thin layer chromatography (TLC) plates
Thin layer chromatography plates were made by coating clean and dry 20 x 20 cm

glass plates with a silica gel H (10 - 40 pm) slurry using a hand-held spreader. The slurry
was prepared by adding silica gel and calcium sulfate (5% w/w as binder) to distilled water
in an approximately 1:2 ratio. There was a slight variation from the 1:2 ratio depending on
conditions in the laboratory and age o f the silica gel. Freshly opened silica gel often
required a little more water (ca 1:2.2). Where signs o f ridging were evident on freshly
made plates, a little tapping o f the spreader base often smoothed out the coating. Coated
plates were let to dry at ambient temperature and activated at 60 °C fo r 2.5 hr before use.
Activated plates were stored cold in a dessicator since the plates could easily become
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deactivated i f they absorbed w ater during storage. Plates were used directly from the
dessicator and spotted at am bient temperature on an open laboratory bench.
4.2.7

Extraction o f antim utagenic compounds
The purpose o f extraction is to release the compound(s) o f interest from the

intracellular milieu.

It is thought that alcoholic solvents efficiently penetrate cell

membranes, perm itting the extraction o f high amounts o f endocellular components. In
contrast, solvents o f low polarity like chloroform, may wash out m ostly extracellular
materials. An earlier study by Park et al., 1984, showed that the constituents o f a
dichloromethane extract from cottonseed contained substances that altered the mutagenic
potential o f aflatoxin B, in the Ames test. It was therefore, decided that initial extraction
trials would replicate this earlier work.
Delinted cottonseed (Suregrow 501) was decoaticated in a Retsch M ill (Retsch
Mill, Type ZM 1, Brinkman Instrum ents ) set at low speed and w ithout a screen. The
decoaticated meal was ground in the same ultracentrifugal mill, but fitted with a Brinkman
number I screen. The extent o f communition was equivalent to that o f m aterial passed
through a standard US No. 20 sieve. The ground cottonseed meal was divided into 200 g
portions and stored at 4 °C until use.
Preliminary methodology testing: A brief investigation o f appropriate methodology
for isolating cottonseed constituents was carried out prior to the commencement o f actual
tests. Finely ground meal (150 g) was defatted by blending for 10 m inutes, with 500 ml
hexane. The mixture was filtered through W hatman No. 4 filter paper (Whatman
International Ltd, Maidstone, England) under suction and the hexane discarded. The
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residue was blended again w ith 300 m l hexane. Sim ilarly, the hexane fractions were
discarded and the defatted meal was air-dried for 12 hours. One hundred grams o f defatted
and dried cottonseed meal was placed in a 1 L Erlenmeyer flask and 700 m l methylene
chloride added. The mixture was shaken on a wrist action shaker (B urrell W rist Action
Shaker, M odel 75, Pittsburg, PA) for 60 minutes and filtered under vacuum through
W hatman No. 4 filter paper. The filtrate was concentrated on a rotary evaporator (Buchi
Model RE121, Switzerland) under low temperature (40 °C) and reduced pressure, to an oily
residue o f approxim ately 5 ml volume. Two hundred m icroliters was placed, in the form
o f a streak on a

1

mm preparative thin layer chromatography plate and developed in

chloroform:acetone (94 + 6 ) in an unlined and unequilibrated tank. A fter development, it
was noted that resolution was poor. M ost o f the plate was covered w ith a visually yellow
mass. W hen viewed under long wave (360 nm) ultra violet light, there w ere no discemable
bands o f different constituents.

O ther solvent combinations (hexanexhloroform :

acetonitrile (60 + 20 + 10), diethyl ether:chloroform:methanol ( 72 + 36 + 2), and hexane:
chloroform: m ethanokacetonitrile ( 6 6 + 2 0

+ 12

+ 2 )] were tried but, they too, could not

sufficiently resolve the extract.
Petroleum ether (30 - 60 °C ) was used as the defatting solvent instead o f hexane
on a second trial. One hundred and fifty grams o f cottonseed meal was defatted with 2 x
250 ml petroleum ether. The petroleum ether was discarded and the m eal air-dried for 12
hours.

Dry meal (100 g ) was extracted on a w rist-action shaker w ith 700 ml

dichloromethane. The m ixture was filtered through Whatman No. 4 filter paper and the
filtrate concentrated by rotary evaporation under vacuum to an oily residue. The residue
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was reconstituted in 10 ml dichloromethane and 1 ml streaked on a 1 mm preparative TLC
plate.

The plate was initially developed in ether, dried and redeveloped in

chloroformracetone (75 + 15). Resolution was, as in the previous test, very poor. The
rem ainder o f the oily extract (9 ml) w as applied to a 12 g silica gel G 60 (60-200 mesh)
column and eluted sequentially w ith 100 m l hexane, 200 m l petroleum ether (30 - 60 °C),
and 200 m l chloroformrmethanol (75 +15). This exercise investigated the feasibility o f
column instead o f TLC fractionation. M ost o f the pigmented substances were eluted in the
ether and chloroform:methanol fractions.

The chloroformrmethanol eluate was

concentrated under vacuum and streaked on preparative 1 mm silica gel TLC plates. Once
more plates were developed in three different solvents as indicated below. The solvent
systems were: (i) chloroformracetone (75 + 15 ), (ii) dichloromethane: ether: methanol (70
+ 20 + 10), and (iii) hexane: chloroform: methanol (60 +20 + 20). After development,
plates from all solvents were o f low quality for preparative chromatography.
A second exercise utilized liquid-liquid partition as a means o f cleaning (defatting)
the cottonseed extract. The methylene chloride extract was concentrated to approximately
10 ml in a rotary evaporator. The 5 ml extract was reconstituted in 250 ml 80% aqueous
methanol and partitioned w ith 2 x 100 m l hexane in a separatory funnel. The defatted
aqueous acetone was partitioned with 2 x 50 ml chloroform. The chloroform portions were
combined and concentrated to approxim ately 5 ml in a rotary evaporator. Five hundred
m icroliters o f a defatted chloroform extract were streaked on a

1

mm thick preparative

silica gel H TLC plate and developed in chloroform:acetone (85 + 1 5 ). A second plate
streaked similarly was developed in chloroform::acetone (90 + 10). After development
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both plates were examined visually and under UV light (360 nm). The results o f this test
were similar to the preceding observations. Resolution was poor in both solvent systems.
It became apparent that exhaustive exclusion o f a significant amount o f pigmented
material in the extract would be required to remain w ith a workable and discemable
fraction. Based on this assumption, a general precipitant, lead acetate, and a compatible
aqueous solvent were used. One hundred grams o f undefatted cottonseed meal was
extracted w ith 500 ml acetonerwater (85 +15) for 40 minutes on a wrist-action shaker The
mixture was filtered through Whatman No.4 filter paper. Twenty m illiliters o f acidified
lead acetate [200 g hydrated (3H 20 ) lead acetate plus 3 ml acetic acid per liter o f water] and
80 ml H20 was added to each 100 ml o f the filtrate. The mixture was gently swirled for 5
minutes and filter aid (Celite; 5 g/100 ml filtrate) was added. A fter suction filtration
through Whatman No. 4 filter paper, the filtrate was partitioned with 2 x 50 ml chloroform.
The chloroform layer was drained through a bed o f anhydrous sodium sulfate and
concentrated on a rotary evaporator under vacuum. The concentrated extract was streaked
on 1 mm preparative silica gel H TLC plates and developed in chloroformracetone (80 +
20). Only then were any discemable bands o f substances, similar to those reported by Park
et al., (1984) observed under visible light and long wave (360 nm) ultra violet light.
In addition to TLC, other methods o f separating various components o f the
chloroform extract residue were investigated.

One such method was the use o f a

preparative silica gel column. The column was made by suspending 30 g o f previously
activated silica gel G60 (60-200 mesh) in dichloromethane and placing the suspension in
a 33 cm x 2.5 cm i.d. glass colum n with a 300 ml reservoir. M aterial partitioned into
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chloroform from aqueous m ethanol was concentrated to near dryness. The residue was
reconstituted in 3 ml dichloromethane and added to the column. The container was rinsed
with 5 ml dichloromethane and the rinse placed on top o f the column. Contents o f the
colum n were eluted serially at approximately 5 m l/m inute w ith 350 ml dichloromethane,
200 m l chloroformracetone (190 + 10), 200 ml chloroform racetone (180 + 20), 200 m l
chloroformracetone (160 + 40) and 200 ml chloroformrmethanol (160 + 40). All eluates
were collected and dried under vacuum in a rotary evaporator. The composition o f column
eluates was compared to that o f extracts partitioned by TLC. The comparison was aim ed
at establishing an appropriate fractionating system for subsequent isolations.
4.2.8

Fractionation o f cottonseed extracts
Adoption o f the lead acetate precipitation method meant sacrificing fatty acids, high

molecular weight pigments, and proteins, all o f w hich are precipitated. Each extraction
exercise involved 400 g o f cottonseed meal and 1600 m l acetonerwater (85 + 15). The
mixture was filtered after shaking for 60 minutes on a wrist-action shaker.

The

precipitation procedure was carried out as outlined in Section 4.2.7. The residue was
streaked on preparative TLC plates, w ith 5% calcium sulfate binder, and developed in
chloroformracetone (80 + 20). Extracts developed in chloroformracetone resolved into
four groups classified by color and migration ratios (Rf). Subsequent fractionation is
outlined in Figures 4.1 - 4.2(a-c).
Portions o f each o f the four fractions shown in Figure 4.1 were reconstituted in 1
ml chloroform and individually applied onto a laboratory-m ade 1mm thick silica gel H
plate (with 5% calcium sulfate binder). Fractions 'A' and T3' were developed in
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Cottonseed meal
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Figure 4.1. Fractionation o f crude aqueous acetone (M ejO) cottonseed extract.
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Fraction - A* (Figure 4.1)
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Figure 4.2a. Fractionation o f cottonseed extract fraction £A’
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Fraction - B* (Figure 4.P

I

TLC

CHCIjrM^O
(80 +

20)

t
B3
Other
bands

” ¥
B2
0.61
(Yellow)

f ---------

B l*
Rfs, 0.89
(Blue)
I

TLC

CHC^M eP
(80 +

20)

+

B1A
Rfs, 0.79
(Green)

BIB*
0.56
(Blue)

B ID
0.08
(Green)

B1C
0.28
(Yellow)

TLC
Benzene:MeOH:HOAC
(90 + 5 + 5) ,
5

B1B1*
Rfs, 0.22

(AFBt Std)
0.22

I____

B1B2
0.09

*■

/

£
£

TLC
/
CHC13rMejO :MeOH
(80 + 1 0 + 1 0 )

B1B1A
Rfs, 0.81

▼
B IB IB
0.66

B1B1C
0.57

AFB, Std

0.66

Figure 4.2b. Fractionation o f cottonseed extract fraction 'B1.
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Fraction - C* (Figure 4.1)
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Figure 4.2c. Fractionation o f cottonseed extract fraction 'C'

129

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

chloroformracetone (80 + 20) while fractions 'C' and 'D' w ere developed in a different
solvent, ether:methanol:water (95 + 4.5 + 0.5).
After developing in etherrmethanol:water (95 + 4.5 + 0.5), and visual and long
wave (360 nm) ultra violet light examination, fraction T>' had resolved into a yellow band
(0.59) and three light blue bands (0.51, 0.35, 0.27).

Bands displaying similar

characteristics were consolidated. The yellow band from ‘D’was added to 'C 2'(see Figure
4.2c) and the rest were discarded. Fraction T )’ therefore, ceased to ex ist The practice o f
combining m aterial from different fractions but showing considerable sim ilarities on a
chromatogram continued during the entire fractionation. Furthermore, the quantity o f
material available for fractionation decreased substantially through the various TLC stages.
Therefore, fresh extraction was carried out from time to time, and isolated fractions were
combined with existing fractions o f comparable chromatographic and visual characteristics.
Fractions that were difficult to resolve in two to three solvent systems were abandoned and
follow-up investigations term inated. Fractions were labeled according to their original
source. Like in the earlier study o f com, coding was based on a continual alternation o f
letters and figures (e.g. C l A l A in Figure 4.2c).
In the next fractionation step, an attempt was made to isolate m ajor fluorescing
bands from each group. Such bands were: fraction 'A', peach/yellow (A l) (0.97), and
purple (A2) (0.90-0.85), fraction 'B', bright blue (0.89) and bright yellow (0.61); and
fraction 'C,' bright green (0.55). The isolated bands and the rem ainder o f the m aterial in
each fraction were weighed and divided into two portions. O ne portion was tested in the
Ames Salmonella/microsomal mutagenicity assay against 100 ng aflatoxin Bt /plate. The
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other was stored for further analysis. Further analysis involved altering the properties o f
the mobile phase in the TLC system. Compounds originally from fractions 'A' and 'B' were
developed in chloroformracetone (85 +15) and those from fraction 'C' in
etherrmethanolrwater (92 + 7 +1). Resolved bands were coded as indicated in Figures 4.2
(a-c). To improve resolution, and reduce tailing and spreading, extracts showing
antimutagenic activity w ere developed in an acidified solvent, benzenermethanolracetic
acid (90 + 5 + 5). The solvent systems for the subsequent series o f TLC separations were
based on altering polarity [i.e. chloroformracetonermethanol (80 +
chloroformracetonermethanol (90 +

8

10

+

10)

and

+ 2 )].

Candidate fractions were tested in the Ames Salmonella/microsomal mutagenicity
assay at various stages during the isolation. They were classified according to potency
determined by visual inspection o f dose response characteristics o f each curve and their
slopes estimated using linear regression analysis After five TLC separation steps and
bioassays, eight cottonseed fractions were preliminarily identified for further investigation.
Up to this stage long wave ultra violet light fluorescence was used to locate
different groups o f compounds on the TLC plate. A loss o f activity with purification o f
isolates observed during the study indicated, among other possibilities that fluorescing
compounds were not solely responsible for the initial activity detected. As was earlier
observed regarding com extracts, three o f four active cottonseed fractions identified from
the preceding tests were neither UV-fluorescent nor visible under ordinary light. It was felt
that the active com ponents) o f the band that had lost antimutagenic activity was probably
non-fluorescent and had been separated from the fluorescing group(s) during TLC
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partitioning.

Other means to identifying the location o f compounds on the TLC

chromatogram were therefore required. A ferric chloride/potassium ferrocyanide solution
( 1 % hexahydrated ferric chloride in ethanol plus 1 % potassium ferrocyanide in water) was
found suitable for this purpose. Plates were first exam ined visually and under UV light.
Thereafter, 5/6 o f a plate was covered with aluminum foil while the remainder was sprayed
with the reagent. After spraying blue coloration occurred in locations where a compound(s)
was located. Corresponding areas from the non-sprayed section were then scraped for
further testing. The use o f the ferric chloride/potassium ferrocyanide spray permitted the
identification o f more components o f the fractions under study.
4.2.9

Extraction o f cottonseed meal with acidified aqueous acetone
It was realized during the course o f the study that, dichlorom ethane extraction o f

cottonseed was neither sufficiently exhaustive nor appropriate for all possible
antimutagenic compounds that occurred in cottonseed. A n adaptation o f the methods of
W hittem et al., (1984) and Blouin et al., (1981) was made in order to extract higher
polyphenols and flavonoids/flavonols. Acidified (1% IN HC1) aqueous acetone instead of
dichloromethane was used as the extraction solvent.
One hundred fifty grams o f ground cottonseed m eal was stirred overnight
(approxim ately 12 hours) w ith 1 L o f petroleum ether (30 - 60 °C). The mixture was
filtered through Whatman No. 4 filter paper. After filtration and air-drying (12 hr), the meal
was extracted for 2 hours on a wrist action shaker w ith 600 ml acidified acetonerwater (85
+ 15). Them ixture was filtered through Whatman No. 4 filter paper and water (80 ml/100
ml acetone extract) was added to the filtrate and the m ixture transferred to a separatory
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funnel. Chloroform (30 ml/100 m l acetone extract) and 0.5 g sodium chloride were added
to funnel and the m ixture shaken for 3 minutes. A fter partitioning, the lower chloroform
layer was run through a bed o f anhydrous sodium sulfate, before it was concentrated under
vacuum. Sim ilarly, the upper aqueous phase was concentrated under vacuum without
passage through a bed o f anhydrous sodium sulfate.

The chloroform residue was

approximately 5 m l and oily. It was made up to 10 ml with methanol and 1 ml portions
applied onto a 1 thick mm preparative TLC plate. The plate was initially developed in
ether, dried and redeveloped in chloroform:acetic acid:water (80 + 15 + 5). Zones of
distinct groups o f bands were carefully scraped and eluted from the silica gel with
chlorofonn:acetone:methanol (50 +25 +25). The eluates were concentrated under nitrogen
and each divided into two portions. One portion was respotted on a TLC plate and the plate
redeveloped in the same solvent while the other was subjected to a bioassay using the Ames
test. Thin layer chromatographic separation was aided by com parison to flavonoids and
polyphenols either known or suspected to occur in cottonseed (i.e. rutin, quercetin,
kaempferol, gossypol, and syringic acid). Therefore, partitioning and isolation o f active
fractions from the acidified acetone extract was based on bioassays as well as comparison
to pure compounds.

The outcome o f the first dvelopment in ether followed by

chloroformracetic acid: w ater (80 + 15 + 5) was poor, as in previous tests, w ith the whole
plate appearing visually yellow and dark brown under UV. Upon spraying with ferric
chloride/potassium ferricyanide, there were bands o f blue colored m aterial mainly in the
lower half o f the plate. M aterial from the upper and lower halves o f the plate were
separately bioassayed. The lower h alf displayed antimutagenicity.
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The low er h alf was therefore scraped and eluted w ith methanol. The eluate was
dried under vacuum and the chloroformracetic acid:water TLC development step repeated
without conducting stepwise bioassays. The second plate achieved better resolution and
was discemable although a generalized yellow background was still present. Similarly, the
lower half was scraped, eluted and placed on a third TLC plate. The third plate was
developed in chloroform: acetoneretherrformic acid (85 + 12 + 2 + 1 ). There were distinct
areas o f blue and yellow coloration. The following zones were made out.
FA1
FA2

blue/yellow/blue/yellow
Yellow

0.20-0.32
0.00-0.19

Following development in chloroformracetic acidrwater (80 + 15 + 5; fourth plate),
the migration o f bands was noted visually, under UV, and with the aid o f the spray reagent.
Fraction FA1 partitioned into a UV light blue fluorescing band and a visually light
yellow/green band w ith R f values 0.5-0.55 and 0.0 - 0.1, respectively. Fraction FA2
components did not resolve substantially and were retained as a single fraction. The
fractions were relabelled FA1A, FA IB and FA2.
The aqueous fraction could not dry sufficiently and was, therefore, heated at low
heat for 2 hours and left at room temperature overnight. W hen alm ost dry the contents
were dissolved in methanol and subjected to similar TLC treatm ent as the organic fraction.
The aqueous phase bands from plates developed in chloroformracetic acidrwater (80 + 15
+ 5) were less discem able but had visually yellow coloration in the 0.0-0.10 region and,
upon spraying a generalized blue coloration developed in the 0.4 -70 area o f the plate. The
lower zone (0.0-0.10) was retained as WE A.and the aqueous phase discarded.
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4.2.10 Identification o f cottonseed isolates by thin layer chromatography, high
pressure liquid chromatography and gas chromatography/mass spectrom etry
Thin laver chromatography: Each o f the three organic fractions and one aqueous

fraction from above were spotted on two different 0.25 m m silica gel G TLC plates and
each developed separately in three solvent systems. Solvents I and II were used in a 2dimensional assay whereas solvent in was used for unidirectional development. The
composition o f the solvents was as follows:
Solvent I: chloroform:acetone:ether:formic acid (85 + 12 + 2 + 1)
Solvent II: butanol:acetic acidrwater (50 + 25 + 25)
Solvent HI: chloroform:acetone:formic acid (95 + 3.5 + 1.5)
In these solvent systems extract fractions were compared to known cottonseed flavonoids
and flavonols. For 2-dimensinal TLC, two lines at right angles were scored 3.5 cm from
each age o f a 250 urn 20 x 20 TLC plate. Twenty microliters o f extract was spotted 1 cm
above the intersection o f the two scored lines while the suspected pure compound was
spotted on either side in the demarcation lines. Two such plates were spotted for each
extract. One plate was developed in solvent I in one direction, allowed to dry under a
fumehood and redeveloped in the second direction in solvent II. The second plate was
developed in solvent III in one direction only. Once dry, the plates were examined visually
and under long wave ultra violet light for characteristic spots sim ilar to those o f standards.
This step was not perform ed for fractions from dichloromethane extraction because no
flavonoids o r flavonols were believed to have been extracted.
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Hiph Pressure Liquid Chromatography: Selected fractions from the acidified
acetone extraction were subjected to HPLC analysis w ith the assistance o f the Food
Chemistry Chromatography Section o f the Department o f Food Science, Louisiana State
University. The chromatograph, a W aters 2690, was fitted w ith a reverse phase C l 8
column (Varian Microsorb MV, 100 angiostroms; Rainin LC supplies, W alnut Creek, CA).
The mobile phase was a linear flow o f methanol at a flow rate o f 1 ml/min. A UV detector
set at 260 nm was used for detection. Additional scanning was performed using a
photodiode array detector set to scan between 2 0 0 and 500 nm.
Gas chromatography/mass spectrometry (GC/M Sh Gas chromatography and mass
spectrometry were performed at the Mass Spectrometry Facility o f the Department o f
Chemistry, Louisiana State University.

Dried extracts were dissolved in 1 ml

dichloromethane and 1 uL o f the solution was injected onto a 0.25 mm (internal diameter)
x 25 m (length) Durabond® column, without derivatization. The colum n was connected
to a Hewlett Packard 5890 series II gas Chromatograph with a split/splitless inlet. The GC
was coupled to a Hewlett Packard 5971 Mass Spectrometer, which included a 70 eV
electron impact ion source, a hyperbolic quadrupole mass filter, and an electron multiplier
detector. The carrier gas was helium with a linear flow velocity o f 26.6 cm/sec, and a
volumetric flow rate o f 0.83 ml/min. The spectra obtained were analyzed and peaks
identified by comparison to a W iley data base using a PC w ith Hewlett Packard
ChemStation software. Partial identification, based on m ass sim ilarities was augmented
by comparison w ith results from other analyses.
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4.3.

Results

4.3.1 P r e lim in a r y s tu d y
Contrary to the observations o f other investigators (Park et aL, 1984), none o f the
solvent systems was effective The content o f fat and yellow pigments was still high
resulting in ineffective TLC development. Although the different solvents tested performed
variably, none m et the reqirements for separation. The plates were still dirty with minimal
resolution o f individual bands. Table A1 in the appendix shows the chromatographic
profiles o f column eluted fractions o f cottonseed. As shown, use o f a column did not offer
any advantages to the isolation procedure. Components o f column eluates were not
substantially more resolved than those from direct TLC. Moreover, column elution
required large quantities o f solvent and extensive overlapping o f components was evident.
For instance, the green band (Rf, 0,1-0,15) occurred in all eluates except the
dichloromethane fraction. There was, at this stage, no evidence o f any advantage that
would be derived from using a column to separate cottonseed fractions for the purpose o f
this study.
4.3.2

Lead acetate precipitated extracts.
The use o f lead acetate to precipitate several pigments from the aqueous acetone

extract resulted into improved resolution o f the non-precipitated components o f the extract.
As shown in Figure 4.1 distinct regions or bands were obtained from extracts treated with
lead acetate. Group 'A ' consisted o f peach/yellow, purple, and a green/yellow/green
mixture o f bands (Rfs, 0.65 - 0.78), Group 13' consisted o f a suspected afiatoxin band (Rf,
0.56), a light green band (Rf, 0.59), a yellow band (Rf, 0.46), and light blue band (Rf,
0.42). Group 'C' was a single green band at R f 0.13 while group 'D' was non-migrating
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material that remained, at the point o f origin. The marked zones were carefully scraped and
eluted from the silica gel w ith chloroform:acetone:methanol (60 + 20 + 20). The eluates
were dried under nitrogen and reconstituted in 1 m l chloroform. The entire contents were
placed on 1 mm preparative silica gel TLC plates for development. M aterial from groups
'A' and 'B' was developed in chloroformracetone (80 + 20) and that from groups 'CMand
'D' in ether:methanol:water (95 + 4.5 + 0.5). Yellow fluorescing bands from groups 'C' and
'D' were isolated and combined w ith m aterial from group 'B'. The reconstituted groups
were tested in a bioassay and results are shown in Figure 4.3. Clearly, fractions 'A' and 'B'
produced dose-related inhibition o f the m utagenic effect o f aflatoxin over the first two
dilutions. Beyond the 10-2 dilution, the m aterial was probably below the threshold and
hence ineffective as demonstrated by the flat shape o f the curves. The lead acetate cleaning
step was therefore incorporated in all subsequent extractions and isolations.
4.3.3

Fractionation of cottonseed extract fractions
Once the lead acetate precipitation step was incorporated into the fractionation

procedure, isolation o f antimutagenically active components o f cottonseed commenced.
Tables A2 —A 6 in the appendix show detailed composition o f fractions at different stages
o f the isolation procedure. Furthermore, summarized profiles o f the fractionation o f
cottonseed extracts are shown in Figures 4.1 and 4.2(a-c). Since the process was essentially
conducted as m ultiple repeat tests, Table 4.1 provides a summary o f the testing sequence
and the allocation o f fraction codes at each stage. The observation o f antimutagenic
activity or lack o f it is expressed in terms o f either positive or negative signs. A positive
sign shows that a fraction or component thereof was active at the indicated stage o f
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Figure 4.3. T he effect o f cottonseed extract fractions A, B, C, and D on the mutagenicity o f aflatoxin B1 in the Salmonella/
microsomal assay using tester strains TA100 and TA98.
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T able 4.1 Sum m ary o f stepw ise extraction, fraction coding and antim utagenic activity8 o f various cottonseed fractions.
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+
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NT
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fractionation. The reverse applies for negative signs. The fractionation stages are in the
left column and original fractions in the top row as the letters A, B, C, and D.
In addition, representative graphs and tables containing results at various stages are
included in the body o f this section. Figure 4.3 is representative o f th e pattern o f bacterial
response to aflatoxin in the presence o f a cottonseed extract at the first stage o f
fractionation. As was observed for com, activity was more pronounced in particular
fractions than others. In this instance fractions 'A' and 'C' showed a dose related response
between whole extract and the second dilution. The effects o f fractions ‘B ’ and CD’ were
limited to a single dilution making the assessment o f a dose-response relationship
difficulty. Figure 4.4 shows the extent o f reduction in the m utagenicity o f 100 ng
aflatoxin/plate measured indirectly as being proportional to the num ber o f revertants,
allowed by extracts from the second level o f fractionation. These results indicate that the
active principles observed earlier had not been lost during fractionation. Alternatively, the
effects could be a result o f the unmasking o f components that w ere initially masked and
hence were initially unable to take part in the reactions in the test m edia.
In Figure 4.4, the solid bars represent the number o f m utant revertants induced by
100 ng aflatoxin B t. The remainder o f the bars represent mutant numbers on test plates at
each dilution. Fractions A1 and D1 produced a dose related response with a linear portion
falling below the x 25 dilution. The slope for fraction C l was shallow and indicated the
possibility o f cytotoxicity because o f the reduction in numbers o f revertants even at the
m ost dilute level. Fraction C2 was borderline in effect because its activity was limited to
a single dose. Fraction ‘D l’ was sim ilar in color and TLC m igration patterns to fraction
‘C l’. The two were therefore combined, renamed ‘C l’and fraction ‘D ’ ceased to exist.
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Figure 4.4 Effect o f cottonseed extract fractions Al, C l, C2, and D ion mutation rates of Salmonella (yphimurium /ester
strains TA100 and TA98 exposed to 100 ng/plate aflatoxin B l,

Figures 4.5a and 4.5b show results o f cottonseed extracts at the third fractionation
level. These results are also expressed in term s o f actual extract weights rather than a
qualitative dilutio n s O ther than fraction C IA , all other fractions whose results are shown

were m ixtures o f components o f fractions ‘B ’ and ‘C \ A ll fractions shown in Figures 4.5a
were, by the antimutagenicity classification set for this study, not sufficiently inhibitory to
be classified as antimutagenic, and were not studied further. Similarly, Figure 4.5(b) shows
that sufficient m utagenic inhibition was only attained at doses above 35 ug/plate for
fractions X3B and X4A in both test systems. These results demonstrated that quantities
below 35ug/plate m ay not produce significant changes to the reversion pattern o f the test
Figure 4.5 (c) shows representative data o f isolates from the fifth fractionation stage.
It should be noted that as indicated in the summary sketch in Table 4.1, only isolates
originating from fractions 'A' and 'C' were still active by this stage. This change may
indicate a large reduction in the quantity o f available material or loss o f the active principle
during the preceding stage o f fractionation. Constituents in Figure 4.5c were o f particular
interest because o f their consistency in showing antim utagenicity at various stages o f
fractionation.
Further fractionation as shown in Tables A3 to A 6 in the appendix resulted into
eight antimutagenically active sub-fractions (Appendix A, Table A 6 ). The eight fractions,
four from group 'A', two from group 'C', and two o f m ixed origin were further partitioned
on precoated silica gel G TLC plates and developed in chloroform:acetone:ether (85 +12
+3). They w ere then sprayed with ferric chloride/ferricyanide and retested in the Ames
test. Four sub-fractions showed antimutagenic activity against aflatoxin B, (Table 4.2).
This data represents the sixth level in Table 4.1. The four fractions that showed activity
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Table 4.2 Thin layer chromatography profiles of rechromatographed and reagent sprayed active fractions of cottonseed
Fraction &
existing code
Peach

Visible fraction & new code

UV visible fraction &
New code

"B lu e (0.85) (A1A1A2)
Blue (0.53)
(A1A1A3)

Peach (0.99) (A1A1A1)*
.

Purple

MGY

Yellow 22

Purple (0.62)

-

Yellow (0.28)

Blue (0.62)

Spray visible fraction
and new code

(A2A1A1)

"Y ellow (0.07) (A lA lB )b
Yellow (0.11) (C1B1A2)
"Y ellow (0.28) (C1A1A1)

*'Fractions that displayed antimutagenic activity after this fractionation.
"Fractions A1A1A1 and A1A1B from Figure 4.2a
bFractions Cl A1 A, C1B1A and and C2A1A from Figure 4.2c

-

"B lu e (0.46)
Blue (0.11)
Blue (base)
-

(C1B1A3)
(C2A1A4)
(C2A1A5)

were A1A1A (Rf, 0.85, originally peach), C1A1A1 (Rf, 0.28, originally a m ixture o f
yellow bands from groups 'A', 'B' and ’C ), A1A1B (Rf, 0.46, originally yellow from group
’C'), and C2A1A1 (Rf, 0.07 originally yellow). These fractions were stored at -20 °C until
ready for mass spectrometric analysis.
4.3.4

Identification o f cottonseed isolates
Results o f the four isolates subm itted for gas chromatography/mass spectrometry

could not be satisfactorily resolved.

Two o f the four isolates were predominantly

contaminated by the palsticizer that was also identified from com samples in section 3.3.4.
Gas chromatographic outputs showed that the contaminant was the component o f highest
content in all fractions. Therefore attempts were not made to isolate out the contaminant
from the fractions. O f the remaining two, spectral data o f one, fraction A1A1 A, greatly
matched that o f nony phenol (m/z = 220), as shown in Figure 4.6. The other fraction
C l A1A1, had two main gas chromatographic peaks. One peak yielded a spectrum that
could not be assciated w ith any spectrum in the W iley data base. The second peak was
shown to closely resemble heneicosane, a straight chain 21 carbom molecule. The straight
chain alkane does not possess structural features for antimutagenicity. The GC/MS system
was found unsuitable for two fractions isolated from acidified acetone extracts. The
identification o f these fractions was carried out by TLC an high pressure liquid
chromatography.
Table 4.4 shows results obtained after development o f thin layer chromatogrphy
plates streaked w ith acidified acetone extracts from cottonseed. Whereas fraction FA1A
could easily be associated with gossypol, it was difficult to differentiate between quercetin
and kaempferol suspected to be present in FA1B and /or WEA. The two fractions behaved
147
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Table 4.3 Thin layer chromatography-based identification of active cottonseed fractions extracted with acidified acetone.

Fraction/Compound

Solvent I (Rf)

Solvent II (Rf)

Solvent III (Rf)

FA1A

0.23

0.98

0.53

Kaempferol

0.19

0.96

0.05

FA1B*

0 .1 0

0.94

0 .0 0

Quercetin

0.09

0.96

0 .0 0

WEAb

0 .2 0

0.90

0 .1 0

FA2

0.13

0 .8 6

0 .2 0

Gossypol

0.28

1 .0 0

0.56

“Yellow green pigment Rfs, 0.5-0.55 chloroform acetic acid water (80 + 15+ 5), section 4.2.9
bBasal material, Rfs, 0.0-0.1 labelled WEA from section 4.2,9

similarly in all three solvents and could not be separated. It was therefore, assumed that
fractions FA1B, FA2 and WEA possibly contained one o r both quecertin and kaempferol.
Upon further analysis by HPLC, comparison o f photodiode array UV spectra o f the two
extracts with pure compounds showed that fraction FA1A contained gossypol
( l,r ,6 ,6 ,’,7,7’4iexahydroxy-3,3’-dimethyl-5,5’-bis(I-m ethylethyl)[2.2’-binaphtlialene]8 , 8 -dicraboxaldehyde;

C 30H 30Og; MW,581.54) or a gossypol-like compound while FA1B

was a mixture o f quercetin and kaempferol. Figures 4.7(a-d) show the PDA spectra o f
fractions FA1A, FA1B and the spectra o f pure analytical grade kaempferol and
quercetin,respectively. Fraction FA1A was o f high purity and did not show evidence o f
contamination. The spectrum (Figure 4.7a) had maxima at 238.3, 290.2, and 374.4 nm
which was comparable to that for pure gossypol (238,290,375 nm). Figure 4.7b shows the
UV absorption spectrum o f fraction FA1B with absorption maxima at 205.5, 252.4,374.4
nm. The spectrum is sim ilar to those o f kaempferol (Figure 4.7c; 205.5,266.6, and 360.8
nm) and quercetin (Figure 4.7d; 210.1,257.1 and 374.4 nm). Furthermore, the occurrence
o f a mixture in fraction FA1B was confirmed by a color spectrum (results not shown)
which showed two lines o f distinct colors superimposed upon each other. Based upon the
tentative identification provided, the chemical structures o f active constituents were
established and are presented in Figure 4.8.
After the components o f the active fractions were confirmed, they were tested for
mutagenicity in the Ames assay. This test was prompted in part by the higher than
expected numbers o f revertants that occurred in the antimutagenicity test systems. Results
o f this assay are shown in Figure 4.9. The results showed that quercetin and kaempferol
were mutagenic at 0.5 and 5 mg/ml in the absence o f the S-9 fraction. When S-9 was added
151
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Figure 4.7c. Photodiode array UV absorbance spectrum of kaempferol
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Figure 4,7d, Photodiode array UV absorbance spectrum
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Figure 4.8. Chemical structures o f compounds isolated from cottonseed
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Figure 4,9, M utagenicity o f pure flavonols and polyphenols isolated from com and cottonseed in the Salmonella/microsomal
mutagenicity assay.

to the test system, quercetin showed mutagenicity, though markedly less than in the
absence o f the activating mixture. On the other hand, kaempferol was not mutagenic in the
presence o f the S-9 mixture. All other substance tested at 5 mg/ml, including gossypol, did
not show mutagenicity in the presence or absence o f S-9. Nonly phenol was, as is showed
in Figure 4.8, toxic to the test system at 5 mg/ml.
4.4

Discussion
Cottonseed is a not only a rich source o f oil, protein and energy, it is also rich in

pigments. The color o f cottonseed products is largely due to the high content o f flavonoid
pigments and gossypol (Blouin et al., 1981). Gossypol alone constitutes 0.4 - 1.7% by
weight o f cottonseed. Results obtained horn this study have demonstrated that cottonseed
contains several compounds that may potentially be beneficial to consumers. This study
has also demonstrated the complexity o f the cottonseed m atrix. The more complex a
matrix is the more difficult it is to isolate individual components from it. The difficulties
in separation encountered earlier in the study could be attributed to the high content o f
polyphenolics, flavonoids, and oil (Whittem, 1984). These compounds tend to streak on
thin layer chromatography plates requiring the use o f solvents w ith a high acid content in
order to hold them in a non-ionized form. Equally, the defatting system employed was
probably not sufficiently rigorous to remove most o f the fatty acids. Park et a i, (1984)
reported refluxing the cottonseed meal for 6 hours in a soxhlet apparatus. This was not
carried out in this study, and may help explain the discrepancies between the two studies.
Eight active fractions o f cottonseed were isolated at one stage during the course o f
this investigation. Six o f the eight factions were submitted for GC/MS and four were found
contamianated w ith a phthalate plastcizer. Five other isolates (Table 4.2) were made but
158
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could not be submitted for analysis. However, two fractions from the acidified acetone were
tentatively identified. As was the case w ith com, five fractions are still to be identified.
Compounds from cottonseed extracts tentatively identified as being antim utagenically
active arergossypol, quercetin, and kaempferol; others are nonyl phenol and heneicosane.
Gossypol is a highly reactive compound known prim arily because o f its extreme toxicity
to nonruminants (Shelley, 1999). In recent years, gossypol has gained renewed interest
because o f its potential for the treatm ent o f cancer (Shidaifat, 1997; Ligueros, 1997). In
this study, gossypol was shown to be a very effective antimutagenic substance at low
concentrations. W hen the am ount increased to >2 00 pg/plate, signs o f toxicity were
noticeable.
The flavonols quercetin and kaempferol exist as a variety o f glycosides or in
aglycone form in which they are structurally closely related.

Quercetin has been

extensively studied (Ciolino et al., 1999), particularly with regard to biochemical
mechanisms that affect carcinogenesis.

It has been reported to inhibit chem ical

carcinogenesis in various organs and to significantly reduce the binding to proteins and/or
activation o f benzo[a]pyrene (Tanaka et al., 1997).

In animal models it has

chemopreventive activity against tumorigenesis induced by aryl hydrocarbon receptor
ligands such as polycyclic aromatic hydrocarbons (M ukhtar et al., 1998). In cell culture
models, it exerts a m ultiplicity o f biochemical effects that are relevant to carcinogenesis,
including metal chelation, antioxidant properties, the inhibition o f hepatic enzymes,
including CYP1 A l, involved in carcinogen activation (Sousa and Marrietta, 1995), and the
induction o f phase II (conjugating) enzymes. It is postitulated that the flavonol exerts its
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effects by, among other mechanisms, blocking cytochrome p-450 and inhibition o f the
arachidonic acid cascade, especially at the lipoxygenase step, and as natural dietary ligand
o f the aryl hydrocarbon receptor (Ciolino et al., 1999). Observations in this study have
shown that quercetin and kaempferol may inhibit or cause m utations. The two flavonols
inhibited the mutagenic effect o f aflatoxin but induced significant mutations in the Ames
assay when independently tested. Eslewhere, Sugim ura et al., (1996) reported that, by
itself, quercetin did not exert any carcinogenicity in m ice, rats, and hamsters in long term
animal feeding experiments, and it suppressed the mutagenicity induced by MNNG in the
Ames test.
The occurrence o f nonyl phenol in one o f the fractions raised a question o f
aunthenticity. The literature is devoid o f the natural occurrence o f this compound in plants.
It was therefore, questionable whether the compound was truly a natural constituent o f
cottonseed. A repeat extraction, using the same cottonseed confirm ed the existence o f
nonyl phenol in the extracts. Nonyl phenol is a comm ercially im portant surfactant for
agriculture and domestic uses (Blauwiekel et al., 1997). This raised the possibility that the
cottonseed could have been sprayed w ith a pesticides in which nonyl phenol was used as
a surfactant Nonyl phenol has been shown to be estrogenic. There is growing concern that
the perceived reductions in the human male sperm count in the second h alf of this century,
the increased incidence o f testicular cancer and the changes sex hormone patterns in species
inhabiting aquatic freshwater environments may be attributable to nonyl phenol-like
endocrine-disrupting chemical pollutants in the environment. Nonyl phenol has been
shown to be toxic to aquatic species (John and W hite, 1998). Since this study did not
address the issue, it is important that the source o f nonyl phenol be reinvestigated.
160

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

The third compound tentatively identified from cottonseed fractions is
heneicosane. Heneicosane is a straight chain 21 carbon alkane whose structural does
not meet the requirements for antioxidation or antimutagenesis. It has however been
reported to be present in a num ber o f plants reputed to have m edicinal value (Bayrak
and Akgul, 1994). In some insect species heneicosane is used as a pheromone. Overall,
the isolation o f the fiavonoids and polyphenols from cottonseed has been successful
despite many active fractions rem aining unidentified.
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CHAPTERS SUMMARY AND CONCLUSIONS
Unavoidable and unpredictable toxicants pose a unique challenge to food safety.
Often their presence and quantity are erroneously estim ated. The obvious way to avoid the
risk posed by such toxicants is complete avoidance o f exposure. But, when these substances
occur in food, particularly a staple food com m odity for an inadequately supplied
community., the challenge is insurmountable. Com and cottonseed are im portant sources
o f energy, protein, fiber and oil for humans and livestock. In less developed regions o f the
world, com is a staple food. Com and cottonseed are susceptible to fungal attack, and under
ideal conditions mycotoxins are produced in the comm odity. Mycotoxins are present in a
large part o f the world's food supply and that can cause a potential threat to food safety and
nourishm ent.
Significant progress has been made in understanding the biology and m olecular
events governing host-pathogen interaction leading to the formation o f aflatoxin in com and
cottonseed (Dom er et al., 1999). Aflatoxin contam ination o f susceptible host plants has,
however, not been completely eliminated. Furtherm ore, oxidative damage to DNA by
m etabolically generated reactive oxygen species represents an important source o f
spontaneously produced, potentially mutagenic DNA adducts that may be important
contributors to the generation o f human tumors.
Initiation o f cancer might be inhibited by the use o f substances that prevent the
form ation o f carcinogens from precursors, block the m etabolic activation o f carcinogens,
increase the detoxification o f carcinogens by increasing the level o f enzymes involved (e.g.
glutathione-S-transferase), intercept carcinogens before their reaction w ith DNA and,
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stim ulate error-free DNA repair. Other types o f chemopreventative substances are
suppressing agents that prevent the developm ent o f neoplasia after carcinogen exposure.
Recently, several foodstuffs (green tea, garlic, cruciferous vegetables) have been
shown to contain substances that counteract the deleterious effects o f toxicants including
aflatoxin (de M arini, 1998). Observations in our laboratory and by other investigators
(Haworth et al., 1989 and Lee et al., 1984;W eng et al., 1997)) indicated that com and
cottonseed may contain substances that m itigate the effects o f aflatoxin in the Ames assay
w ith tester strain Salmonella typhimurium TA100. Confirmation o f the existence o f such
compounds offers the potential for substantial health benefits to consumers as well as an
increase in the m arket value o f com and cottonseed.
This study, therefore, set out to identify and characterize natural constituents o f
com and cottonseed that have the potential to diminish the effects o f aflatoxin and/or other
mutagens. This objective was accomplished through a bioassay directed fractionation based
on the Ames Salmonella/microsomal m utagenicity assay, using tester strains TA100 and
TA98 (M aron and Ames, 1983). Isolation o f extract fractions containing anti-m utagenic
constituents was achieved by thin layer chrom atography (TLC). At each stage, fractions
were serially diluted and each dilution spiked w ith the same quantity o f pure aflatoxin Bt.
Inhibition o f the mutagenic effect o f aflatoxin was assessed by comparing responses to
pure aflatoxin and spiked extract fractions. Classification as anti-mutagenic was based on
the 2-fold rule to determine inhibition o f aflatoxin mutagenicity (Kim and M argolin, 1999)
supported by the existence o f a dose-response relationship.
Results obtained from this study have dem onstrated the possible existence o f
several compounds with antimutagenic properties in com and cottonseed. Extraction o f
163
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yellow dent com resulted into the identification o f eight active fractions. Constituents o f
two fractions have been tentatively identified as the polyphenolics ferulic and chlorogenic
acids. Consituents o f a third bioactive com fraction have also been tentatively identified as
isomers o f linoleic acid and a dimethoxy phenolic acid. Sim ilarly eight fractions from
cottonseed were shown to be active against aflatoxin m utagenicity. Two o f the eight
cottonseed fractions were determined to contain gossypol, quercetin and kaempferol. One
o f the cottonseed fractions contained p-nonyl phenol, a comm only used surfactant. There
was, therefore, some uncertainty regarding the natural occurrence o f this substance in
cottonseed. Therefore, four fractions from each com and four cottonseed remain
unidentified. It is strongly recommended that efforts be made to have these isolates
identified.
Four other cottonseed fractions and one from com were contaminated by the
plasticizer, bis-(2ethyI)-1,2-benzene dicarboxylic acid. This substance effects a
pseudoinhibitory effect, which could be erroneously interpreted as antimutagenesis. In fact
the effect is that o f cytotoxicity. Similarly, p-nonly phenol is cytotoxic.
Phenolic compounds are widely distributed in plants. A balanced diet can thus
constitute a natural source o f antioxidants able to protect the hum an body from several
diseases attributed to the reactions o f radicals. The ability o f phenolic compounds to
scavenge free radicals is.dose-dependant and can vary according to their structure, their
substituents and their degree o f polymerization (Gaulejac e t al., 1999). Linoleic acid has
also been shown to be anti-mutagenic and anti-carcinogenic (Aikawa and Komatsu, 1987,
and Parodi, 1997).
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Ia conclusion, this study has confirmed the presence o f anti-mutagenic compounds
in com and cottonseed that counteract the effects o f aflatoxin. The isolation o f bioactive
compounds in com and cottonseed was successfully carried out using thin layer
chromatography. It is realized that this technique was not optimal and that the constituents
isolated could possibly have been recovered faster and at much higher yields w ith other
methods. However, the techniques employed were those that optimized inclusion rather
than exclusion, which is usually effected by selective solvents and fractionation systems,
targeted at already known constituents o r general groups o f chemical substances.
Furthermore, this study was carried out using rat liver microsomes. Therefore, these results
may provide some understanding o f the mechanisms by which dietary antimutagens may
affect xenobiotic metabolism. However, caution m ust be applied when extrapolating the
information from rats to humans.
Overall, there are potential health and econom ic benefits from foodstuffs w ith a
high anti-mutagen content. In order to identify candidate varieties, screening, which should
be an integral component o f future studies, is required. The breeding and production o f
cotton have traditionally been guided by considerations o f fiber quality and yield. Until
recently, cottonseed characteristics, except for viability and vigor, have generally been
ignored. Accomplishments in breeding transgenic com (W illiams et al., 1998) and
cottonseed (Sachs e t al., 1998) for pest control have demonstrated the versatility o f these
crops to genetic alterations. Breeding for varieties w ith a high content o f anti-oxidant/antimutagenic constituents may, therefore, be feasible. Such hybrids could become desirable
“healthy foods” resulting in increased utilization and a higher m arket value.
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CH 2 CL 2 only

-Peach (vis), Yellow (uv) (0.77), -Yellow (UVX0.72), -Blue (AFB?) (0.51), -Light Yellow
(0.34)

CHCI3 : Me 2 0
(1 9 0 + 1 0 )

-Yellow (UV) (0.83), -Blue (UV) (0.69), -Yellow (UV) (0.66), -Light Blue (0.35), -Light
Green (0.1)

CHCI3 : Me2 0
(180 + 2 0 )

-Yellow (0,72), Blue (0.68), Yellow/Green (0.65), Light Yellow (0.56), Black (0.44), Dark
Yellow (0.42), Blue/Yellow (0.38), Yellow (0.36),Blue (0.31), Green (0.10)

CHCI3 : Me 2 0
(160 + 40)

-Faint Blue (0.70), Light Yellow (0.59), Bright Yellow (0.49), Light Blue (0.45), Bright
Green (0.10)

CHCI3 : MeOH
(160 + 40)

-Brickred (0.5), Yellow (0.33), Bright Green (0,15), Blue (0,05)

M e20 = A cetone

FRACTIONATION

Contents Visually and under UV

COTTONSEED

Fraction

APPENDIX. TABULATED
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Table A l Distribution of cottonseed aqueous acetone extract components in column eluates different solvent mixtures.

DATA
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T able A 2 Thin-layer chrom atography profiles o f cottonseed aqueous acetone extracts after lead acetate precipitation

Group

Developing
Solvent

Visible light

Long wave (360 nm) UV R f values

(R f values)

A

CHCI3 : Me20
(80 + 2 0 )

-Yellow (0.93-0.98), Light Purple
(0.85-0.89), Yellow (0.63),
Mixture [light yellow, green, light
yellow (0,51-0.38), Light Purple
(0.53-0.32)

"■Peach Yellow (0.97), "Purple/Brown/yellow (0,90-0.85),
Blue (0.70), Yellow/Green (0.63), Blue (0.60-0,53), Brown
(0,49), Yellow (0.40-0.36)

B

CHCI3 : Me20
(80 + 2 0 )

-Yellow (0.43), Yellow (0.010.37)

Blue (0.89), 'B right blue (0.64), yellow (0.53), Green
(0,38), faint Blue (0.25), faint green (0,13), Faint Yellow
(0.08)

C

Ether:MeOH:H20
(95 + 4.5 + 0.5)

Light yellow (0.56-0.54),
yellow/green (0.48-0.46)

Faint green (0.90), faint green (0.77), faint blue (0,70),
♦faint yellow (0.66), 'B right yellow (0,61), 'B right green
(0,55), black/green (0.36), Faint green (0.30), faint blue
(0.19)

D

Ether:MeOH:H20
(9 5 + 4 .5 + 0.5)

Yellow mass (0.01-0.45)

♦Yellow (0.59), Bluegreen (0,51), Light blue (0.35),
Bluegreen (0.27), Blue (0,21), Bluegreen (0.05)

'''Bands that were worked upon in the next fractionation step
(Yellow 0.S9 from D, and 0.6land 0.66 from C were added to B. Bands 0.2S-0.08 from B were added to C.

T able A3 Thin layer chrom atography profiles o f selected fractions from cottonseed extracts after developm ent in
chloroform :acetone (fractions A and B ) and ether:m ethanol:w ater (fractions C and D).

Source

Fraction code

D eveloping Solvent

R f o f resolved com ponents ( 3 6 0 nm, U V)

& color
A

A 2, Purple

CHC13: M e20
(85 + 15)

♦Blue (purple) (0.48),
♦Yellow (0.42), Yellow/Green (0.35), Yellow
(0.28)

B

B l, B lue

CHC13: M e20
(85 + 15)

Light G reen (0.79), ♦Bright Blue (0.56),
♦Yellow (0.28), Green (0.08)

A

A l, Peach

CHC13: M e20
(85 + 15)

♦Light B lue (0.88), ♦Cherry (Peach) (0.77)
Yellow (0.80), Light Blue (0.74)

C

C l, Y ellow

CHC13: M eO H: n-Propanol

♦Yellow (0.71), Bright blue (0.67), ♦Brow n (0.63),
♦Yellow (0.59)

(90 + 7 + 3)

C

C 2, G reen

CHC13: M eOH: n-Propanol
(90 + 7 + 3)

♦Fractions carried forw ard for w orkout and bioassay testin

Y ellow (0.66), Blue (0.59), ♦Bright G reen (0.44),
Dark ♦Brow n (0.37), ♦Yellow (0.31), ♦Bright Blue
(0.18)
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Table A4 Thin layer chromatography profiles of fractionated cottonseed aqueous acetone extracts after development in
benzene:methanol:acetic acid
Original Source

2° Fraction

3° Fraction

Current profile

A

Al

A1A, (0.88 & 0.77)

♦Peach/Yellow (0,39)
♦Green (0.23)

A

A2

A2A, (0.48 & 0.42)

Blue (0.40), Yellow (0.29), Light Peach (0,19),
♦Purple (0.14)

B

B1

B1A, (0.56)

♦Blue (0.22), AFB std (0.22), ♦Green (0.09)

B and C

X

X I,(0.28 B l, 0.67 Cl

♦Yellow (0.41), Yellow/Brown (0.17), Green (0,01)

0.66 C2)
C

Cl

C IA (0.63 & 0.59)

Light bluegreen (0.43), ♦Yellow (0,22), ♦Broad
yellow (vis) ( 0 .2 2 & 0 , 11 ).

C

C2

C2A (0.44)

Yellow (0.45), Yellow (0,37), Light greenblue
(0.28), Yellow (0.1), ♦Bright Green (.0.00)

C

C2

C2B (0.31)

Yellow (0,58), yellow (0,21), green (0,13), ♦Bright
Yellow (0.06).

C

C2

C2C (0.18)

2° denotes second level (stage) of fractionation.

♦Blue (0.00)
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Table A5 Reclassification of reconstituted and combined fractions from table 4.5
Main 3 0 Fraction
Source

Combinations

Current label

Current code

A1A

Peach/Y ellow (0.39)

Peach

A1A1

A1A,B1A, A2A, &

0.23 (A1 A), 0.09 (B1 A), 0.05 (A2A), 0.01 (X I)

Green

A1A2

A 2A & B 1A

0.22 (A2A) 0.22 (B1A)

Blue (AFB ?)

B1A1

A2A

0.14 (A2A)

Purple

A2A1

A2A, X I, C2A & C2B

0.35 & 0.26 (A2A), 0.17 (X I), 0.1 (C2A), 0.21 (C2B)

Yellow 5

X1A

X I, C IA , C2A, C2B,

0.41 (X I), 0.42 (CIA), 0.45 & 0.37 (C2A) & 0.58
(C2B)

Yellow 6

C1A3

CIA

0.22 (vis, CIA)

Yellow 22

CIA1

CIA

0.11 (vis, CIA)

Yellow 21

C1A2

C2A

0.00 (C2A)

Main Green Green

C2A1

C2B

0.06 (C2B)

Main Green Yellow

C2B1

Green 3

0,00 (C2C)

Main Green Blue

C2C1

XI
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Table A6
Thin layer chromatography profiles of reclassified fractions in table 4.5 after development in
chloroform:acetone:methanol (80+10+10; B1A1, A2A1, C1A2, C2A1, C2B1, C2C1) and chloroform:acetone:methanol
(90+8+2; A1A1, A1A2, XI A, C1A3, C1A1)
Fraction

color

A1A1

Peach

♦0.75 Brown (peach-vis), ♦Yellow (0.72)

AIA1A

A2A1

Purple

♦0,67 (purple-vis), Yellow (vis) 0,63, Light Blue (0.82), Light Blue
(0.73), Light Blue (0.63), Yellow (0.53)

A2A1A

A1A2

Green

♦Green (0.4-0.5)

A1A2A

B1A1

Blue

Blue (0.81), AFB std (0.81), ♦Blue (0.66, AFB2?), ♦Yellow (0.57)

B1A1A

X1A

Yellow 5

♦Blue (0.41), ♦Green (0.37), ♦Blue (0.34), ♦Green (0,26), Yellow (0.16)

X1A1

C1A3

Yellow 6

Light Yellow (0.74), Light Yellow (0.63), ♦Light Blue (0.44), ♦Light Blue
(0.39), Light Blue (0.31), ♦Light Blue (0.23), Light Yellow (0.16)

Cl A3 A

C2A1

MGG

Light green (0.88), Light Blue (0.74), Light green (0.64), Light blue
(0.57), ♦Bright Green (0.50)

C2A1A

C2B1

MGY

♦Yellow +Brown (0.42)

C2B1A

C2C1

MGB

Light green (0.49), Light blue (0.42), Light Blue (0,35), ♦Bright Blue
(0.25)

C2C1A

C1A2

Y21

♦Bright Yellow (0.63), Green (0.41)

C l A2A

C1A1

Y22

Yellow (vis- 0.26), ♦Light green + thin Blue (0.15-0.32)

C1A1A

Current profile

♦Fractions selected for further analysis

New code

VITA
The author is a geriatric who has lived, for the m ost part, a som ewhat uneventful
life, having been bom alm ost half a century ago on July 7,1956. He is currently married
to Beatrice Namakhwa and they have four girls. Bom and raised in the natural and pristine
environment o f the jungles o f the central African plateau, he was for eight years, a subject
o f the Queen o f England being a citizen o f Northern Rhodesia. In 1964 this prized status
was unilaterally taken away by a new breed o f politicians and. his citizenship changed from
being “British” to Zambian. He was originally o f above averaged intelligence and managed
to go through primary and secondary education with ease. In 1980, he graduated from the
University o f Zambia, Lusaka, w ith a Bachelor o f Science degree in Biology and
Chemistry. He first came to the United States o f America in 1981 but was so overwhelmed
by civilization that he quickly returned to his village to hunt and fish. In 1988, he
convinced him self that he had sufficiently adapted to the modem ways to make a second
attempt at living in the United States. In 1990 he obtained a M aster o f Science degree from
the University o f Arizona, majoring in Food Science. W ith age catching up and his IQ
slipping below average, he did what he was taught by mom-go home. After sharpening his
IQ with complicated hunting and gathering skills he came back to the United States in 1995
and enrolled at Louisiana State University in the Department o f Food Science. He is
majoring in Food Science with a concentration in Toxicology. Currently, he is a candidate
for the degree o f Doctor o f Philosophy.
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